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PREFACE. 



In the year 1837, the Bchool-comEiittee of the city of Boston 
ordered a few articles of philosophical apparatus to he furnished 
for each of the graiamar-schoob of that city ; and the author of thia 
work, who for many years had been at the huid of one ot those 
eehools, finding no elementary woik, uncncumbeied with extrdntjus 
matter, suitable to ezpkin the apparatus attempted to sujfly tho 
deficiency. The result was the first edition of thi^ work A few 
years afterwards, the philosophical appaiitus, was ei hanged for 
one of better construction, and much more extended a[ plication, 
and an enterprising publishing house m N^w York, inducpd the 
author to revise and extend his work This was done in the year 
1848 Since tlwt time the progress of science has been so great 
that another revision is imperatively demanded ; and the author, 
anxious not to be " heh'md the age," has made another careful 
reiision, in which he is conscious of no omission in the notices of 
the present btafe of science, in the doparlments embraoed in thia 
\olume suitable for a work designed to be strictly elementary, ana 
designed for tho^e only whose progress in " the exact sciences " 
must neoessanly bo limited. The " Qtcestioiis" which have ap- 
peared m previous editions he had no hand in preparing. Indeed, 
in his opinion, such appendages to school-books, in the hands of 
espeiienced teaoheis, are of very qnestionable expediency. But, 
US it lb a cu<^t^m iiwsC Imnorcd in " olserviaux," he has, in tUiE 
1* , - I 



VI PKEFACK. 

edition of l^')i comi.1 ed with that t,UDloin xnd j) p rui then 
with hie own hands If hs Jii not deceived in the result ot 1 b 
labors, his work will oommead itself by tho follow ng features 

1. It IS adapted to the present state of natural s icnoe em 
braces a wider field and conta ns i greater amount of information 
on the respective subjects of which it treats thin any other ele- 
mentary treatise of its Size 

2. It oonta ii i-ngiavings of the Boston school ^et oj pkil io- 
phdcai apparatus a desi,ription of the ii ^truments a 1 n il ount 
of many exper mcnta wl ct can ha performel Ij m<.ws of the 
apparatus 

3. It is enriched by a represent ition an! i d scrii* on of the 
Locomotive an 1 Ihe Stationary Stea n Engines and the vauous 
forms of the Electi ic Telegraph now 1 1 opeiat on m this country 

4. The «alje ts of Pyionomica Elei-tuL ty Magnetism Electro- 
Magnetism and Ml" eto Electricity as well as Astionoray hivo 
large space all tted to them Most of the latest d acoveries in 
physical science have also received their due share of attention, 

6. It is peculiarly adapted to the convenience of study and of 
recitation, by the figures and diagrams being first placed side by 
wde with the illustrations, and then repeated on separate leaves at 
the end of the volume. The number is also given, where each 
principle may be found to which allusion is made throughout tha 
volume. Suilable questions, also prepared by the author himself, 
and obnoxious to no ol^eotion as " leading questw?is" huvs heea 
placed in immediate connection with the most important principles 
contained in the volume. 

6. It presents the most important principles of science in a 
larger type ; while the deduotiona from these principles, and the 
iUustratiuDS, are cuntuned iu a, suialloi letter. Mooh useful and 
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PREFACE. VII 

intereatiDg matter ia also crowded into notes at the bottom of th« 
pi^e By this arrangement, the pupil can never be at a loss Is 
distinguiah the parts of a lesson which are of primary importance; 
nor will he ha in danger of mistaking theory and conjecture for fact. 

7. It contains a number of original illustrations, which the 
author has found more intelligible to young students than those 
ivith which he has met elsewhere. 

8. Nothing lias been omitted which is usually (.nutaincd in an 
elementary treatise. 

A work of this kind, from its very nature, admits but little 
originality. The whole circle of the sciences consists of principles 
deduced from the discoveries of different individuals, in different 
Bges, thrown into common stock. The whole, thtn, is common 
property, and belongs esdusively to no one. The merit, there- 
fore, of an elementary treatise on natural scienee most rest solely 
on the judiciousnesp of its selections. In many of the works from 
which extracta have been taken for this volume, the author haa 
found the same language and expre&ions without the usual 
marks of quotation. Being at a loss, therefore, whom to credit 
for some of the espressiona which he has borrowed, ho makes tliia 
general acknowledgment, in the hope that it may be said of him, 
as it was once said of the Mantuan bird, that ■' he has adorned 
his tkefis, and polished the diamond' mlach he has stolen." 

Boston October 1853. 
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ADVERTISEMENT TO THE NEW STEEEOTYPJil OF 1854 



Is the revision of this work the aythor has endeavored to present 
his materials under a better ulasaifi cation. The omissioa of eeventy- 
flve pages of Questions prepared by another hand, found at the end 
of the book n p u d 1 na, has given room for a large oolleo- 
tioQ of ne« f t and p n pies wliieh the present improved state 
of science ha al d ii^ th it materially enlarging the size of the 

volume. The auth n w g es it to the world, in confidence that 
it is much m d a in f the unexpected favor ]l has received 
All changes n ft t it I k are necessarily attended with inconve 
nienees tote hrs bttlywh would keep pa^e with the pro- 
gress of SCI D mu t bm t to 8 h inconvenience, or be behind 
the age. Th p nt mph t ally the age of "progT<°*j,' and 
they who p f s t d tl tr phs of soienoe must keep a 

blank page tl ] u n 1 f th coord of new conquests. So 
much of apol gy m to b du f the appearance of a new revi- 
sion of this 1 m oon afte th former revision. The author 
indulges the belief that no advance has been made in fa«t, in prin- 
ciple, or in physical law, which haa not received its due share of 
attention so far as is consistent with the plan of a work professing 
to be strictly elementary, 

i KNBELAND-PLiCB, 1853. 
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INTRODUCTION. 



The term Philosophy literally signifies, the love of wisdom ; 
but, as a general term, it is used to denote an e:!pIanation of the 
reason of things, or an investigation of the causes of all phen 
both of mind and of matter. 

Whun applied to any particular department of know 
word Philosophy implies the collection of general laws or priuoi- 
ples, under which tha subordinate facta or phenomena relating to 
that aubjeot are comprehended. Thus that branch of Philosophy 
which treats of God, his attributes and perfections, is called Theol- 
ogy; that which treats of the material world is called Physics, 
or Natural Philosophy; that which treats of man as a rational 
being is called Ethics, or Moral Philosophy ; and that which, treats 
of the mind is called Intellectual Philosophy, or Metaphysics. 

The word Theology is derived from two Greek woiiJs, the 
former of which |®fO() signifies God, and the latter (in^ns) means 
a discourse; and these two words, combined in the term Theology, 
litenilly imply a discourse about God. The latter of these two 
Greek woi-da Qji-jot or logos) is changed into logy to form English 
compounds, and it enters into the composition of many scientific 
terms. Thus we ha?e the words minerafo^i/, the science of miner* 
als ; meteoi'o^o^^, the science which treats of meteors ; ichthyo^^, 
the science of fishes ; Btitomdogy, the science of insects j Wl^ialogy, 
of stones ; conoho^o^'y of shells, &o 

The word Meliphjsics is composed of two Greek words, Meta 
(or ,""")> which sgnfies beyond and phu'iia (or ipvaif), which 
signifies nature and in compobvtion thee woid'. imply Eomething 
ii 



XIV ISTRODUCTrON. 

Oeyond iia/icre Trom the latter of these words, phusis (<pit<rit), 
Wi- obtain the term physics, which in its most eslended senst! 
inipl es the sc enoe of naiure and natural objects, oomprehending 
the stQly or knowledge of whatever exists. The natural division 
of all things thU exiet la into body and mind — things miiterial 
and immBteiiftl spiritual and corporeal. Physics relates to mute- 
rial thing" Metaphysics to iinmateriaJ. Man, as a mere animal, 
IS induded in the soienoa of Physics ; but, as a being possessed of a 
soul, of intellect, of the powera of perception, oonsciousness, volition, 
reason, and judgment, he becomes a subject of consideration in the 



All material things are divided into two great classes, c»]]ed 
organized and unorganized matter. Organized matter is that 
which is endowed with organs adapted to the discharge of appro- 
priate functions, such as the mouth and stomach of animals, or the 
leaves of vegetables. By means of such, organs they enjoy life. 
Unorganized matter, on the contrary, possesses no such oi'gana, 
and IS oonsequentlj incapaHe of life and vol intary aclion. Stones, 
the venous kiids of earth metals and many minerals, are in- 
stances of unorgmized matter Fossils thit is, substances dug 
out of the earth i e fiequentlj instinces of a oombination of 
organized and i noigan zed matter Unorganized matter also 
enters into the compos t on of organized matter. Thus, the bones 
of luiimals contain lime whi h bj it}>elf is unorganized matter. 

Physical Science or Physici with its subdivisions of Natural 
History {incluling Zoology Botany Mineralogy, Conchology, 
Entomology lehthyoloty &c ) and Natural Philosophy, including 
lis own ippropr te subd visions embraces the whole field of organ- 
ized and unorgjnized matter 

The term Natural Philosophy is consdeiel by some authors aa 
embracing the whole eatont of physical science, while others use it 
in a moio lestr eted sense including only the general properties 
of unorganized matte tl e fo es wh eh act upon it, the laws which 
it obeys, the result, of Iho e law nd til those CKternal changes 
wh iM leave iht, >:ub ta e u aff ted. It is in this sense that the 
terni is employed in ti s wo k 



hosecUvGoOglc 



INTRODUCTION. XV 

Oliemistry, on the contrary, is tte science wliich invesligatea 
the composition of material substances, the internal chunges which 
they undergo, and the new properties which they acquire by such 
changes. The operations of chemistry may be deaoribed under the 
heads of Analysis or decomposition, and Synthesis or combination. 

Natural Philosophy makes us acquainted with the condition and 
relations of bodies as they spontaneously arise, without any agency 
of our own. Chemistry teaches us how to alter the natural 
arrangement of elements to bring about some parlicular condition 
that we desire. To accomplish these objects in both of the depart- 
ments of science to which we refer, we niaise use of appliances 
called philosophical and chemical apparatus, the proper use of 
which it ia the office of Natural Philosophy and Chemistry respect- 
ively to esplain. All philosophical knowledge proceeds either 
from obseri'ation or esperiment, or from both. It is a matter of 
observation that water, by cold, is converted into io«; but if, by 
means of freezing mixtures, or evaporation, we aotoally cause water 
to freeze, we arrive at the same knowledge by experunent. 

By repeated observations, and by calculations based on such 
observations, we discover certain uniform modes in which the 
powers of nature act. These uniform modes of operation are called 
laws ; — and these laws are general or particular according to the 
extent of the subjects whioh they respectively embrace. Thus, it 
is a general law that all bodies attract each other in proportion to 
the quantity of matter whioh they contain. It is a particular law 
f 1 ty that ml k' da repel and dissimilar kinds attract 

h th 

rh llect mb 1 n, and proper, arrangement of such 

g 1 d ] t 1 1 w constitute what is called Science, 
Th w h th ce f Chemistry, the science of Geometry, 

th t N t 1 Phil ophy, &c. 

The terms art and science have not always been employed with 
proper discrimination. In general, an art is that which depends 
on practice or performance, while science is the examination of 
general laws, or of abstract and speculative principles. The theory 
of musi J is a science ; tlie practice of it is au art, 

......A.OOglC 



XVI INTRODUCTION. 

Soiunce differs from art in the same manner that knowledge 
differs from skill. An artist may enchant us with his skill, 
al 1 h h jj t t 11 soientiBn priiioiples, A man of 

e n y s te d tion by the extent of his knowledge, 

th h h h t tl 1 t kill lo perform any operation of art, 

Wl w p k f h m hanic arts, we mean the practice of 
th so t wl h tixils, instruments and machinery, are 

n pi jed jB t t! f Mechanics explains the principles 

wl h tool d m h le constructed, and the efFei,f& which 
th y p 1 S h fore, may be defined a collection and 

p p g f h general principles or leading truths 

r 1 t t ny hj t d here is this connection between ait 
nnd n n m ly — A p nciple lo science is a rule of art." 
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NATUKAL PHILOSOPHY. 



DIVISIONS 01? THE SUBJECT. 
„„ . 1. Natural Philosophy, or Physics, is the 

Whal IS . , . , PI -1 

Naiura! science wnicli treats oi the powers, properties and 

Pkiloso- mutual action of natural bodies, and the laws and 

operations of the material ivorld. 

2. Some of tiie principal branches of Natural 



Mechanics, 
Pneumatics, 


Electricity, 
Galvanism, 


Acoustics, 

Py^ronpmies, 

Optics, 


Magoetisra, 

Magnelo-Eleotrieity, 
Astioiiomy. 


-This list of branches ic 
;id classifies ti on HOuld i 
jortBiniDg to the departm 


light be oonsiderablyenlftrgod.but per- 
'aCber suggest the omlsslDH of some of 
Bnt of ohemistry. 


3. Mbchahics. 


— Mechanics ia that branch of 



Wkatis 

Median- Natural Philosophy which relates to motion and 
"'■ the moving powers, their nature and laws, witli 

their effects in machines. 
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18 KATUHAL rniLIJSOPHY. 

5. The word Statics is derived from a Greek word implying rest, 
end it la applied to that department of mechanics which treats of 
tlie pnipertiea and laws af budies at rest. 

6. Djniuuios, from a Greek word aignifjing power or force, 
treats of tlie properties and laws ot bodies in, inoCion. 

7. Pneumatics treats of the mechanical properties and effects 
of air iLnd Eimilar fluids, called elastic fiuida or gases. 

8. Hydrostatics treats of the gravity and pressure of fluids in 
a state of rest. 

9. Hydraulics treats of fluids in motion, and of the instru- 
ments and machines bj which tteir motion is guided or con- 
trolled. 

10. Acmistics treats of lie laws of sound. 

11. Pyronomics treats of the laws and effeots of heat. 

12. Optics treats of ligl;t, color and vision. 

13. Electricity treats of an exceedingly subtle agent, called 
the electric fl.uid. 

14. Galvanism (sometimes called chemical eleotricity) is a 
branch of Electricity. 

15. Magnetism treats of the properties and effects of the 
magnet or loadstone. 

16. Electro-Magnetism treats of raagnetifan induced by clec- 
ti-icity. 

17. Magneto-Electricity treats of electricity induced by mag- 
netism. 

18. jlsfrowomi/ treats of the heavenly bodies, — the sun, moon, 
stars, planets, comets. 

19. I'he agents whose effects or operationa are described in 
Natural Philoaophy are divided into two clusses, ealletl respectively 
Ponderable and Imponderable Agents. 

Note. — Some mitere on Philoaoplij have suggested tt different claaai- 
fiotttion, iato Bodies and Agenta, calling bodies poiideraUe, and agenla im- 

20. Ponderable agents are tJiose which have weight, as water, 
air, stoam. 

21. Imponderable asenta are thoae which have no weight such 
as light, boat, magnetism and electjiiuity. 



OF MATTER AND ITS PROPERTIES. 19 

What IS 22. Matter.- — ■ Matter is the general name of 
Uaiter? everything that occupies space. 

23. Matter exists in four different states or forms, namely, 
in the solid, liquid, gaseous and veaioular forms. 

24. Matter exists in a solid form when the partitlps of which it is 
composed cohere together. The different degrees of cohesion which 
different bodies possess causes them, to asBume different degrees of 
hardness. 

25. Matter esista in a liquid state iHien the component parte do 
not cohere with sufGcient force to prevent their siiparatiun by the 
mere influence of their weight. The surface ol n fluid at rest always 
conforms itself to tlie shape of the portion of the earth's surlaoe 
OTCr which it stands. 

26. Matter esists in a gaseous or aeriform state when the par- 
ticles of which it IB composed have a repulsion towards each other 
which causes them to separate with a power of expansion to which 
there is no known limit. Of this, smoke presents a fiimiliar in- 
stance. As it ascends it expands, the particles repelling each other 
until they become wholly inyieible. 



-Thei 
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27. The vesicular form of matter is the form in which we see it 
in clouds. It consists of very minute vesicles, resembling bubbles, 
and it is the state into which many vapors pass before they assume 
a fluid condition. 

28. Some sulstanceB are capable, under certain conditions, of 
assuming all these different forms. Water, for instance, is solid JQ 
the form of ice, fluid aa water, in the gaseous atate when converted 
into steam, and vesicular in the form of clouds, 

29. All matter, whether in the solid, liquid, gaseous, or vesicular 
form, is either wmple or compound in its nature. But this consider- 

pertains more properly to the science of chemistry. 
' " '" expliin what is meant by a simple or 
te g substance. 

m te particles or atoms, 

g on. When ail the 

mple or homogeneous 

—lid, &o., consists 



10. All 1 
nnited (og 
atoms are 
substance 
of very m 
pure gold 



U 



combined 
were onUed 



pure iron or 

re compound 

substances, 



su poaaii to be the Elmple 



20 HATUKAL PHILOSOPHY. 

iulistauoes of which all thiiiga ara ooapujed. But loodern seiaiioo lias 
ehuwn that not one of tbeBa is a Eiiople substance. Water, fur instanca, is 
oompossd of two Inviaiblo gaaea, oallsd Hydrogen and Oxygen, united in the 
proportion of one pact, m adglii, of hydrogen to eight of oxygen ; or, by 
measure, one part of oiygon te tnu of hydrogen. In like maimer air, or, 
rather, what the ancients understuod by air, ia composed of oxygen united 
with another invisible gas, eallijd nitrogea or asoie, in the propenjon of 
seventy-two parts of the lallef (o twontj-eight of the former. 

The enumeration of the elBmenlary eubstanoea, whioh, either by them- 
selves or in union wiCh one another, make up the material irorld, properly 
belongs to the Boienoe of ohemiatrj. As this nerk may fell into the hands 
of some irho will not find the information elsewhere, a list of the amiple 
subatanoe Imt^'h p Cd f md science has 



Ziue,' 



|. V dl m [Th 1 ven.ia Italic, 

Ch m m La l4 m h t yet been 

f lly eatiijated.l 
n-metallie elementa are 



. Of the elementary eubstanoes 
tie great mass of uur earth and Its atmosphere. The remainder oocor only 
in comparatively small quanltties, while nearly a third of the whole number 
ia BO rai-e that their uses in the great econumy of nature are not under- 
etood, nor have they as yet admitted of any useful applliialjon. 

The aolenoe ef lieology rereala to us the fiiot that granite appoara to he 

original furmatiou, or in veins or seams whioh have been thrown up by 
subterranean foroes into Che granite, all uf the elementnry sabstanses which 
have been euitmerated are to be found. A ohnrt is praseotud below in 
which the materials oompoaing the strata of the eruat of the earth are 
enumerated, together with a tabular view of the composition ef these 
materials. It is not oonteuded that this ahart ia perfectly aeeurate in all 
its details ; but, as it affords an mteresting and eitensive subjeot of inves- 
tigation, and as It is not to be found elsewhere in print, it Is thought that 
it will be well worth the space whieh it oooupies, although a rigid classi- 
lioation would exclude it from this work. 
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WAo(ore 81. There are seven essential* properties be- 
(AeeMCjj- longing to matter, namely, 1. Impenetrability; 
eHks "of 2. Extension ; 3. Figure ; 4. Divisibility ; 5. In- 
UaiterJ dpstructibility ; 6. Inertia; 7. Attraction. 
What is 82. Impenetrability. — Impenet 1 Ity stle 
tT&iliM power of occupying a certain poitio f sj ee so 

" An eum/inf property of & body is ttat whioh is y h 

ubdoluCe oiisWpos of the body. All matter in comm jk. se h 

esBeatiul ptOperties, and no parliole of mntWr oan Bsist w li j 

Uiam. Di&iBnt bodtaa puaaaaa olliar diderant propart w h 
essential to their aiiatenoe, such as oolur, weight, brittlenesa, hardness. 



..oogic 



22 NATURAL PHILOaOPHT. 

that where one body is another cannot be without dis- 
placing it. 

33, This property, Impenetrability, belongs to all bodies and 
forms of matter, whether solid, fluid, gaseous, or vesicular. 

The imponetrability of oommon air may be shown by immers: ng 
an inyorted tambler in a veasal of watar. The nir prevents the 
water from rising into the tumbler. An emptj bottle, also, f.TiJhly 
held horizout-ally under the water, will exhibit the amne property ; 
for the bottle, apparently empty, is filled with air, ivhioii escapes 
in bubbles from the bottle as the water enters it. But, if the hottle 
be inverted, the water cannot enter the bottle, on account of the 
iiopecietrability of the air within.* 

poured into a tunnat closely inserted in the mouth of u dec^ntei', will ma 
orer tlio sidea of the deoanter. The ttlr Ulling the decanter, and havlDg 
DO meona of esoape, prevents the fluid from entering the deoantor ; bnt, if 
the tuoneJ be lifted from the decanter but a little, so as to afford the air an 
opportunity to escape, the water will then flow into the decnntar in an un- 

Whoa a nail U driTen into wood or unj other substancea, it forces the 
pMtioleB asunder and makes ita way between them. 

An experiment wag made at Florence, manj^ years ago, to show the im- 
penetrability of water. A hollow globe of gold was Ulled with water and 
gubjeoted to great preseure. The water, having uu other means of escape. 

The reason why Bnids appear leas impenetrable than solids is that the 
particles which oompuse the fluids move easily among themselves, on account 
of (heir slight degree of coheeion, and when any pressure Is exerted upon a 
fluid the particles move readily into the unoccupied space to which they 
have acness. Sut, if the fluid he surrounded on all sides, and have no 
means of escape, it will be found to possess the property of imponetrability 
in no less a degree than solid bodies. 

A well-linowu fact seems, at first view, to be at variance with tl 

slderable poi-tion of salt may be dropped in 

vessel to overflow. And, when soil has 

hold no more in solution, a considerable quantity oi 

a similar manner. The explanation of this ^mi 

fact is as follows. The paitioles i 

smaller than the particles of the salt, and the p> 

of the salt are smaller than the particles i ' ' ' 

the water. Now, supposing all of these ] 

globular, they will arrange themselves as i» ropi 

in Fig. 1, in which the pnrtioles of the water a 

eated by the largest circles, those of the salt by the ' 

next in siie, and those of the sugar by the smultesC. 

FamiiUa- E;cpfrimenl. — Fill a bowl or tumbler with peas, then pour ci 
\bt peas mustai'd-seed or fine grain, shaking the vessel to cause it to fill til 
vaoii lit spaces betiveen the peas. In like manner add, successively, flae sani 
watur, salt and sugar. This will afford an illustration of the apparent paiado 
i.t two budiej ociupying the same space, and show that it is only opim-mt. 
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Vihai IS ^^' Extension. — Extension is but another 
Extifif name for bulk or sise, and it is expressed by the 
'""' terms length, breadth or widtli, height, depth and 
thickness. 



Length ia the eitent from enfl 1 


:o end. Breadth or nii 


side to aide. IlBight, daptb 


or thioliness, is tho ei 




body from the boltoiB 


igtt; from the top to the bo 
i depth of iL nell, tha height of 


ttom, is onlled depfJi. 


a house, &c. 



35. Figure is the form or shape of a body. 



Whaiis 
figure ? 

36. Figure and Extension are separate properties, although both 
may be represented by the same torois, length, breadth, &c. But 
they differ as the words shape iknd sise differ. Two bvidies may be 
of the same 6gure or shape, but of vastly dilfereiit size. A grape and 
an orange resemble each other in shape, but differ widely in size. 
The liiuita of extension constitute figure, bat figure has no other 
connexion with ej ' 



Whai is S7. DIVISIBILITY. — Divisibility is susceptibility 
mI^ of being divided. 

38. To the divisibility of matter there la no linown limit, nor 
con we conceire of anything so amall that it is not jiindu up of two 
balves or four quarters. It is indeed Ci'ue that our senses are quite 
tjuited in their operation, and that we cannot perceive or take 
cognizance, by meaoB of our senses, of many objects of the existence 
of which we are convinced without tbeir immediate and direct 
testimony. 

39. Sir Isanc Newton has shown that the thickest part of a soap- 
bubblo does not exceed the two-millionth part of im inch. 

40. The microscopic observutions of Ehrenberg have proved that 
there are many species of little creatures, called Infusoria, so small 
that millions of them collected into a single mass would not exceed 
tlie bulk of a grain of sand, and thousands of tliein might swim 
side by side through the eye of a small needle. 

41. In the slate formations in Bohemia these little creatures are 
found in a fossil state, so small that it would require a hundred and 
eighty-seven millions of them to weigh a dngle grain. 

42. A aingle thread of the -epidar's web has been found to be 
composed of six thousand filaments. 

4^. A single grain of gold may be hammered by a gold-beater 
until it will cover (ifty squure inches ; each square inch may be 
divided into two hundred strips ; and each strip into two hundred 
parts. One of these parts is only one tmo-milliiirtlh part of a grain 
of gold, and yet it may be seen with the naked eye. 
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44. The particles whioh escape from odoriferous objectu aiso 
atlbrd. inatances of extreme diyisibility. 

Jade- 45. Indestructibility. — By the Indestmcti- 

^ructi- bility of matter is meant that it cannot be destroyed. 

46. A body may he indefinitely divided or altered in its form, 
color, and other unessential properties, but it can never bo destroyed 
bj man. It must contioue to exist in some form, witb all its 
esaentjal properties, through all its changes of external appearance. 
He alone " who can create can destroy. 

47. When water disappears, either by boiling over a fire or by 
evaporation under the heat of the sun, it is not destrojeij, but 
merely changed from a liquid to a fluid form, and becomes steam or 
vapor. Souio of its unessential properties are altered, but its essential 
properties remain the same, under all the changes which it uoder- 

Soes, In the form of vrater it has no elasticity * and but a, limited 
M;ree of compressibility.* But when "it dries up" (as it is 
cnlled) it rises in the form of steiim or vapor, and expands to such a 
degree as to become invisible. It then assumes other properties, 
not possessed before (sucii as elasticity and expansibility): it ascends 
in theairandfonnsclouds; these clouds, afleoted by the temperature 
of the air and other i^ents, again fall to the earth in the form of 
rain, hail, snow or sleet, and form springs, fountains, rivers, £c. 
Tlie water on or in the earth, therefore, is constantly changiug its 
shape or situation, but no particle of it is ever actually destroyed. 

48. Substances nsed as fuel, whether in the form of wood, coal, 
or other materials, in like manner undergo many changes by the 
process of cumbustiun. Paris of them rise in the form of smoke, 
pai't ascends in vapor, while the remainder ia reduced ia the form 
of ashes ; but no part ia absolutely destroyed. Combustion merely 
disunites the simple substances of which tne burning materiala are 
compoaed, forming them into new combinations ; but every part slill 
oontinuea in existence, and retains all the essential \ properties of 
bodies. 

Wkatis 49. Ikertia. — Inertia J is the resistance of 
laertiat matter to a change of state, whether of motion or 
of rest. 

* Lute writ«rs assert tliatwatjjr Ms a alight degree both of elusticity and 
expansibility. 

t Tlie reiidar wiU bo oarsful to eiirrj in hia mind what is meantby the 
tenn a» essential pivpeftg. It ia explwoad in cha note to No. 31, pnge 21. 

X Tlie literul ineHahig of istriui ia inactivity, and impliea itiuiditj/ to 
change a sUUt <if rent er qf motion. A clear anil distinct undaratanding of 
this proparty of nil matter is asuential in all the departmenDu of material 
philosopcy. Ail matter, i^aohauiattllj' oonaldared, must be in a slate either 
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50. A body at rest cannot put ilself in motion, nor can a body 
In motiDn etop itself. Thia inoapaoitj to change ita state from rest 
to motioD, or from motion to a state of rest, is what is implied by 
the term inertia. 

51. It foHowa, therefore, from what has just been stated, that 
when a bodj is in motion its inerlia will cause it to continue to move 
until ita motion is destroyed by some other foroe. 

52. > There are two forces constantly exerted around us which 
tend to destroy motion, namely, grrteity and the resistance of the air. 
All motion caused by animal or mechanieai power ia offeotod by 
these two forces. Gravity (which will presently be esplained) 
causes all bodies, whether m motion or at rest, i« tend towards the 
cenlje of the earth, and the air presenis a resistance to all bodiea 
moving in it. Could these and ail other direct Eia. 2. 
obstacles to motion be aet aside, a body when 
ones put in motion would always rem^n in ' 
motion, and a body at rest, unaffeeted by any ' 
external force, wonld always remni" -' — -■■ * 

53. Experisnent to illustrate Inertia. — 
Pig. 2 represents tbe simple apparatus 
Mr. Wightman for illustrating the inertia 
of a body. A card ia placed on the top of 
a, stand, and a ball is balanced on the card. A quick motion ia 

of motion oc rest ; and, in whatover state it may be. It must remain in tliat 
ttlto until a aiiange i9 eSeoted by Eomo efficient cause, indepcndeot of tte 
body itself. A body placed upon another body in motion partakes of tbo 
motion of tbo body on Hbioh it is placed. But, if tliat body be suddenly 
stopped, the SBpetiooumlient body will not stop at the eamo time, unless it 
be SHOnreiy fastened. Thus, if a borse moving at a rapid rate be suddenly 
stopped, the rider vfill bo thrown forward, on aceonnt of this uwrfJa of his 
body, unless by extra exertion bo secures himself on the saddle by bracing 
his feet on the stirrups. On the oontrary, if the horse, from n state of rest, 
start saddenlj fotw d b d w 11 b h back d 1 th «im 

reason, whan a po j mps fm hi m tth^ dh< 

body, pavlafcing of th m t f til hi t b dd ly b ht 

to a state of rest by bia f t t g tlve g d b t w 11 b th 
foi-ward in the di t f th m t wh h t h aaqui d f m th 

vehiale. Thia is th tbat many oo d t b pp 1 m 1 p g 
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26 NATURAL PHILOSOPHY. 

then given to tke card by means of a spring, and tie card fliea 
off, leaving the ball on the top of the stand.* 

54. Nature seemB to hase engrafted somo inowledge of mechan- 
ical laws on the instinct of auimala. When an animal, and especially 
a latge animal, is in rapid motion, he cannot (on a<:cuunt of the 
inertiaof his bodj) suddenly stop his motion, oroiiangB ila direction ; 
and the iarger the animal the more difficult does a sudden stoppage 
become. The hare pursued by the hound ofbea escapes, when tae 
dog is nearly upon him, bj[ a sodden turn, or ehan^ng the direction 
of ita flight, thus gaining time upon his pursuer, whose inertia is not 
BO readily overcome, and who is thus impelled forward beyond the 
spot where the hare turned. 

55. Children at play are in the same manner enabled " /o (forfee" 
their elder playmates, and the activity of a boy will often enable 
him to escape the jiursuit of a man. 

56. It is the effect of inertia to render ua sensible to motion. A 
person in motion would he quite unconsoioua of that state, wore it 
not for the obstacles which have a tendency to impede bis progress. 
' I boat on smooth water, motion is perceptible only bj the 

ent ohange in the position of aurrounding objects ; but, if the 
uuuiBe of the boat be interrupted by running aground, or striking 
against a rock, the person in the boat would feel the shocli caused 
by the sudden change from a state of motion to a state of rest, and, 
unless secured to his seat in the boat, he would bo precipitated 
forward 

W?ioiisAt- 57- Attraction. — Attraction is the tendency 
iTociionf wliich different bodies or portions of matter 
have to approacli or to adhere to each otker. 

What is the ^^' Every portion of matter is attr.ioted by every 
law of Ai- other portion of matter, and this attraction is the 
traction? gtconger in proportion to the quantity and the dis- 
tance. The larger the quantity and the less the distance, the 
fitronger is the attraction.t 

* Ihe ball remains on the pillar in this oasa Dot aolelj fVam its I'ntrffi^ 
but becausa anffioiont motion Is not oommuDlcatod to the bnll b; tha frio- 
tion of the card to counteroot the effeot of gravity on tha ball. If tha 
ball, therefore, bo not aoourately balanoed on the card, the esperiment will 
not be suooessftil, beoausa the oard cannot move without oommnnioatiag a( 
laast a portion of its motion to the ball. 

t IS. B. This subject irill ba mora fully treated under tlie head Df 
CVaHlji. Sao page S3.] 
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lima many 59. There are two ItiniJs of attraction, namely, 
&acit^are *'^® Attraction of Gravitation and the Attraction 
iherei of Cohesion. 

The former belongs to all matter, whatever its form; tha 
latt«r appears to belong principally to solid bodies. 
What ,s ihe 60. The Attraction of Gravitation ia the 
of Gravi- reciprocal attraction' of separate portions of 
lation ' matter. 

What istne ^■^' '^^^ Attraction of Cohesion is that which 
causes the pantlcles of a body to cohere together. 
'■ {See No. 31.] 

62. Tho attmction of colieaion appears to eaist bat in a very 
slight degree, if at all, in liquids and Suida. 

Exemplify „„ „, . . - > , 

tketiiiBMnds oS. -Tne attraction of gi-avitation causes a body, 
of Atlrac- -when unsupported, to fiiU to tke ground. The 
I Q^ ., attraction of eoliesion holds together the particles 
tmdCa/iesivc of a body, and causes iLem to unite in masses.* 
Attraction ' 

&1. HaviuK described the essentia! properties of bodies, we 
come now to the consideration of other properties belonging respect- 
ively to diffiirent feinds of matter ; such as Porosity, Density, Rarity, 
Compressibility, Bspanaibilit3^, Mobility, Elasticity, Brittleness, 
Hesibility, Malleability, Ductility, Ten y 

65. It has already been stated tha m ts m 

particles or atoms, united bydi^rentd gre bi 

Ibeae atoms are probably of diflferent ah p ff d 

the diffirent degreea ot compictnaaa w h wb 
rise to certain qualities which diffisry indfte 

Ttioao qualities or properties are des n)ed d hum 
Poroaity, Denaity and Eiiity which w p d d 

* Beeidee theso two kinds of attraction m 

of oltrnctivo forca, aot va ia TOgotut jn an 
names of fimfoimo.s uud Sxosnmsc tarms 

Capma,r; AtCniDtion, uadarthaheaii.Df Hy ot S 

Other kinds of aCtcaetion, aalled Electr oa d 
will hereafter be oousidered under their ap te T 

Cbemioal AttrnotionorAtSnity beloogsdisli y th j my 

and Hill not, therefore, ba oensiiareii ia this work 
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66. Besides the property of attraction possessetl by tlie parKcleg 
or atoms of which ci body is composed, tbere eeems to be another 
property, of a nature diraetly opposite to attraction, which eserts 
itself with a rqiK/jiw force, to prevent a closer approximation of 
the particles than that which by the law of their nature thej assume. 
Tbie property is called repulsion. This repulsion prevents the par-, 
tides or atoms from coming into perfect contact, so that there must 
be small spaces between them, where they do not absolutely touch 
one another, [See Figure Isl.] These spaces are called pores, and 
where they exist give rise to that property or quality desciibed 
under the came oi Porosity. 

What is 67. PoBOBiTi. — Porosity implies, therefore, that 
Porosity'! tkere are spaces, or pores, between the particles or 
atoms which form the mass of a body. 

68. Density. — When the pores are few, so that a large number 
of particles unite in a small mass, the body is called a dense body. 

What is 69. Density, therefore, implies the closeness or 
Density? eompactnesa of the particles vihich compose anj 



70. Eamtt. — When the pores in any substance a 
so that the particles which form it touch one another in only a few 
points, the body is called a rare body. 

What is 71. Rarity, therefore, is the reverse of density, 
Rarity t and Implies extension of bulk without i 
the quantity of matter. 



tions and repulsions which give rise to distinctions which have 
already been described. It remains to be stated that these allradians 
and repulsions differ mach in degree in different substances, and this 
diiferencegivearise to other properties, which will now be explained, 
ander their appropriate names. 

73. COHPRESSiraLiTF. — When the repulsion of the particles of any 
substance can be overcome and the mass can be reduced witliin 
uarrower limits of extension, it is said to possess the properly of 
Compressibility.* 

* OompresBlbility differs from Conlrodibillly rather in oanse than in 
effect. ContraotibiHtj' implies a oEiangfl of buU! oaused by chtingo of 
temparatnre, or any other agency aoi mcchaaiad. Compressibility impliei 
that the diminution uf bulk is caused b; some extcrunl meehanioal fores. 
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What is ^*' Compressibility, therefore, may bo defined, the 
Compres-. susceptibility of a reduction of the limits of ex- 
tibiliiy? tension. 

75. Tliia property is poaeessed by aU known substances, but in 
very different degrees, — some substanees requiring but little force 
to compress them, others resisting yery great forces ; but it is not 
kno\yn that there is any substance unsusceptible of compression, if 
a sufficient force be applied.* 

76. Liquids in general are less easily compressed than solid 
bodies ; so miHsh bo, indeed, that in practical science they are gen- 
erally considered as incompressible. Under n very considerabia 
mechanical force, a slight degree of oompreBsion.haa been observed. i 

77. ExpANSiBiLiTT. — The system or attractions and repulsions 
among the particles of a body are someUmes so equally balanced 
that they esist, as it were, in an equilibrium. In other oases the 
repulsive enei^ is so great as to predominate when the attractive 
force is unaided. When the ropulsive energy is permitted to act 
without restraint, it forces the particles asunder and increases the 
limits of estenaion, giving rise to another property of matter 
pOBsessed by many bodies, but in an eminent degree by matter in n 
gaseous form. This property is called Expansibility. 

Wliatis '^^- Expansibility, J therefore, may be defined 
Enfonsi- as that property of matter by which it is enabled 
. ' ^ ■ to increase ita limits of extension. 

79. Elasticity. — When the atoms or pnrtioles which constitute 
a body are so balanced by a system of attractions and re ' 
that they resist any force which tends to change the figor 



t Under a. prcaanro of fiftcBn pounda on a square inoh, water has been 
diminished in bnlk odIj by abOHt forty-nine parts in a million. Undar a 
preaaure of fifloen thousand pouada on a aquare inch, it waa oompresaed 

and tbe cannon iiaa burat. 

J Bipansibillly and DUatahility are bnt different names for (be same 
property ; but expansum implies an augmontation of the bulk or volume, 
dependent on maehaniea! agency, nbila dilatation esptaaaes the same 
oondition prodnoed by aomo physical oanas not properly failing tindac the 
donomiuation of meohanioal foroe. Thus heat dilates moat substances, 
while cold contracla them. It Is on this principle that the thermometer is 
eoustrncted. [See page 149, No. 516.] 

All gaseous bodies Bra invested nitb the property of dilatafiililT/ to an 
. nnlimitod degree, by means of whioh, when unrestrained, they will expand 
spontaneously, and that without the application of an; eiterssl Kgenoy, to 
a degree to whioh there is no known limit. 
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body, they will posaosB another property, known by tho name of 
Elasticity, 

What is ^^' Elasticity, therefore is the property which 
Elastic- causes a body to resume its shape after it has been 
' ^' compressed or expanded.* 

81. Thus, when a bow or a steel spring is bent, ita elasticity 
causes it to resume its shape. 

82. India rubber (or oaoutohouo) possesses die property of 
elasticity in a remarkable degree, but steam and other bodies in 
a gaseous form in a still greater.t 

83. Ivory is endowed with the propertyof elasticity in a remark- 
able degree, but eshibits it not so much by the mere force of pressure, 
but it re([uir8S the force of impact to produce change of form. f 

What is 84. Brittlbkess. — Brittleneas implies aptness 
„gjj; to break into irregular fragments.^ 

* Xh p p ty poaseasod, in at least BOina small degraa, by 11 b 
stanoa t 1 a^^ it OBnnot be said that Qoy Bubstanoe wli lly 

d t tut f 1 t tr. Even water and other liquida, which J 11 th 
d fli Ity t mp sion, leoover their volumo with a foroe app tly 
1 1 to th oomp ssing Coroa. Bnt, for most prnotioal purpo m y 

1 t n h as lutty, wet paste, moist paper, oltty, and aimil bd 

aff d mpl f ubstanoea possessing tha property of elast ty 
gl ht a d that they are treated aa non-clasiic bodies. 

t Th gas aeciform bodiaa afford ths moat remarkable t 

f 1 tl tj Wh water is conrcrled into steam it ooonpia pao 

ts last ty ns t to expand to still larger dimensions on the appi t 
th t It th p onliar property of steam, modified, as will be pi d 
in a futnre part of thia work, whioti is the foundation of ita »;ppl 
the movement of maobinery. AH gaaeous hodiea are oqnally ela t 

]: The metals ivhioli are heat adapted to produce sound th 

which are most highly olastlo. It sometimes happens that tw m t 1 
neither of which have any groat degree of hardness or elasti ty wh 
oomhined in certain proportiona, will oeqaire both of these p p t 
Thua tin and copper, neither of whioh in a pore state is hard I 

when mised in a certain proportion, prodnoe a compound ao h d d 
elastic Chat it is eminent for its sonorous property, and is used f m k g 
bells, &•> 

§ Brittleness and hardness are properties which IVeqaently !a 

pany eaoh other, and brittleneas is not inconaislent with elastic t Th 
glass, for instance, which fs the most brittle of all known sub t oe 
highly elastic. The same body may acquire or be divested of t b Itl 
neas according to the treatment which it reBsives. Thus iron, 1 m 
other metftla, whon heated and suddenly pliinjted into cold wat h 
brittle ; but if, in a heated state, Ihoy are buried in hot sand, a d I b 
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I-VSoi t! 85. IFlbsibilitt. — Flexibility implies a cUb- 
Kliiy? position to yield without breaking when bent. 
■f^^^j j^ 86. Malleability. — Malleability implies that 
Mallea- property by means of which a body may bo re- 
^' duced to the form of thin plates h^ means of the 
hammer or the pressure of rollers. 

87. This property is poaBesBed in an emineot degree by some of 
the metala, especially gold, silver, iron and copper, and it is of vast 
importance in the arts. A kaowicdMof the uses ofiron, and of its 
mdleabOity, is one of the first steps from a savage to a civilized state 
of life. 

88. The ranst malleable of the metals is gold, which may be 
hammered to sueli a degree of thinness as to require three hundred 
and sixty thousand leaves to equal an inch in thickness.* 

89. DucTlUTV. — Some substances admit of being extended simut- 
taneoQsIy both in length and breadth. Others can be extended to 
a greater degree in length alone ; and tliis property gives rise to 
another name, called Duclililt/. 

Wliatis 90. DircTiLiTY. -^ Ductiiity is that property 
DuctiHtyJ ■^l^(.]n renders a substance susceptible of being 
irawn out into wire. 

91. The same meials are not always both duclile and malleable 
to the same degree. Thus iron may he beaten into any form, whoa 
heated, but nut into very thin plates, but it can bo drawn into 
extremely fine wive. 'Kn and lead, on the contrary, cannnt be drawn 
out into small wire, but they are susceptjble of being beaten into 
extremely thin leaves. 

92. Gold and platinum have a high degree both of ductility and 
malleability. Gold can be beaten {as has already been stated) into 

permitted to oool lety gradually, tliey will loee tbeir britHoneas and 
aoquire the opposite quality of flexibility. This process in tlie arts is 
called imntaling, 

* The malleability of tba metals rnries ncoording 1« their temper- 
ature. Iron is most malleable at a nbite best. Zioc beeomes malleable at 
the temperature of 300^ or iOIP. Some of the meCalB, end espeoially anti- 
mony, arsenic, bismuth and cobalt, possess searoely any degree of thi« 
proporlj. 

The familiar process of vvlding is dependent on malleability. The two 
piooes of metal to 1)0 wolded are Brat boated to that temperature at nbicb 
they are most malleable, and, the ends being placed together, the pai-tiojea 
ore driven into saoh intimate conncsion by tbe weldiog-h[nnmer tbat Uiey 
<ohere. Different meials ma.y in some eases bo thus nelded together. 
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leaves bo tliin that it would require man j thousands of them to equal 
an inch in thiokness. It has also been drawn into wire so attena 
8ted that one hundred and eighty yards of it would not weigh raore 
than a single grain. An ounce of suoh wire would be raore than 
fifty miles in length. But platinum can be drawn even to a finer 
wire than this. 

Whaiii 93, Tejsacitit. — Tenacity implies the adhesion 
Tenacity? ^f the particles of a, body. 

94. Tenacity is one of the great elements of strength. It is the 
absence of tenacity whieh constitutes brittleneas. Both imply 
strength, but in different forms. Thus glass, the moat brittle of all 
Bubstancea, has a great degree of tenacity. A slender rod of glass, 
which cannot resist the slightest lateral pressure^ if suspended 
vertically by one end will sustain a veiy considerable weight at the 
other end.* 

* A knowledge of the tenacity of different subEtnnoos is of great use in 
the arts. The tsnacity o£ metala and othoi- snbatances has been aBcattained 
by enspending weighba from wires of tho metals, or rods and corda of 



The follonlng tahlB _ 


preaents rery nen 


■ly the weights aoatalned by wires 


of diflerent metals, eaoh hiying the dii 


imoter of about one-twelfth of an 


inch. 






Lead, 


n ponnda. 


Silver, JS7 pounds. 


Tin, 
Ziao, 


109 " 


Platinum. •I'li " 
Copper, 30 i " 


Gold, 


160 " 


Iton, 519 " 


Corda of different n 




lowing weights : 






Common flan. 


1175 ponnda. 


New Zealand Dai, 23S0 pounds 


Hemp. 


1633 " 


Silk. 3400 " 


The following table presents a more 


esteiided list of materials. The 




eotion of the rods . 


,a whicli the experiment was trlod 










ounas Ayolrdupoii. 




English Oak, 


8,000 to 12,000 


Tin, 7,129 


FifT 


11,000 


Lead, 3,116 


Beeoh, 


11,500 


Rope, I ineh In oiroom- 


Mahogany, 




lorfinco, 1,000 


Teak, 


15,000 


Whale line, 2 inohes in 


Cast Steel, 


134,256 




Iron Wire, 


03,961 


hand, 2,240 


Swedish Bur-iron 


, 72,064 


Po,, by maohiaery, 3,520 


CdBt-iron, 


18,656 


Bope, 3 inohes in ciroam- 


"Wrouglit Copper, 


33,702 


f^onee, 5,028 


Platinum Wire, 


62,987 


Do., 4 inohes, 9,1)88 


Silver Wire, 


38,257 


Cable, Ul inehea, 80,liOO 


Gold. 


30,888 


Do., 23 inches, 255,360 


Zino, 


23,561 




A mom particular 


acoount of tlio tern 


uity of various eubstnncos will bo 
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95. The teoa<^ity of metala is much iooreased bj uniting them. 
A compound consisting of five parts of gold and one of copper haa a 
tenaci^ of more than double that of the sold or copper alone ; and 
braes, which is composed of copper and zinc, has a tenacity more 
than double that of the copper, and nearly twenty times as erent as 
that of tho zinc alone. A mixture of three parts of tin ana one of 
lead has a tenacity more than double that of the tin ; and a mixture 
of eight parts of lead and one of zinc has a tenacity nearly double 
that of the zinc, and nearly five lames that oftlie lead alone.* 

96. GKiyiTT. — It has already been stated that matter in all its 
forms, whether eolid, fluid or gaseous, poBseeaes the property of 
altrociim. This property, with ita laws, is now to be particularly 

under the name of Gravity. 

What is 97. Gravity is the reciprocal attraction of Bep- 
Gramty? arate portions of matter. 

With mat ^Q bodies attract each other with a force pro- 
force do all , „ 

bodies ai- portjonate to their size, density and distance from 

^o«^«flcA e^ij other. [See No. 59.] 

98. This law explains the reason why a body which is not sup- 
ported falls to the earth. Two bodies existing in any portion of 
lutually attract each other, and would rush together 



ing 11 pounds and the other weighing only one pound, were ten 
feet apart, but both were a hundred feet above the surface of the 
earth. According to this law, the two balls would rush together, 
the lighter ball passing over nine feet' of the distance, and the 
heavier ball over one foot; and this they would do, were they not 
both prevented by n superior force. Tlial sujierior force is the earth, 
wMck, being a much largerbody,altTactsthemlmthiaitka superior force. 
This superior force they jvill both obey, and both will therefore fall 
to the earth. As the attraction of the earth and of the balls la 
mutual, the earth will also move towards the balls while the balls 
are falling to the earth ; but the siM of the earth is so much greater 
than that of the balls, that the distance that the earth would move 
towards the balls would be too small to be appreciated.f 

found in Barlow'a Esaay on the Strength of Timber, Rennie's Treatise 
(in Pha. Trans. 1818), Trodgold's Ptinoiples of Cutpentry, and the 4Ui toI. 
of Manchester Memoirs, by Mr. Hodgkinson. 

* There nr^ lUEui; other dpecifie properties of bodies besides thoee that 
haFB non been enumerated, the eonaideration of Khioh belongs to the 
eeien'ie of Chemist r;. 

t The earth is one quatrillion, that is, one thousand million minions 
times larger than tbe largest bod; irhlch bai ever be'ea kaoirn to fall 
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99. The attraction of the earth is tho cause of what wa call 
weight. "When we saj that a bodj wciglia ae ounce, a pound, or 
a ton, we express by these terms the degree of attraction by which 
it is drawn towards the earth. Therefore, 

What k 100. Weight is the measure of the earth's at- 
Weigkt? traction.* 



have the '" Those bodies -will have the greatest weight 
greatest which contain the greatest quantity of matter .f 
weiglU ? 

103. TEKHESTKiiL Gbavity. — It has already been stated [see No. 
97] th»t the attraction which one mass of matter has for another is 
in proportion to the quantity and the distance ; and that, the larger 
the quantity of matter and the less its distance, the stronger will 
be the attraction. The law of thia attraction may be stated &a 
follows : 

Whai is the ^03. Every portion of matter attracts every 
law of at- other portion of matter with a force pi-oportioned 

ra ion. ^jj-g^tij to the quantity, and inversely as the 
square of tlie distance, 

(hronEh our atmospliera. Supposing, tien, tliat such a body should fftll 
through a distance of one thousand feot, the earth would riao no moro than 
the hundred billionth part of an inch, a distance altogether imperceptible 
to our senses. 

■ The principle of mutual attraction is not confined to the earth. It es- 
tenda to the sun, the planets, oometa and stars. The earlb attracts each 
of th^m, and eiwh of them attracts the earth, and these mntual attrnotiona 
eie so nicelj balanced bj the poner of 3od as to oanse the regular motionii 
of all the beaveni; bodies, the divereit; of the seasons, the sueoession of 
day and night, summer and winter, and oJI the grand operations which are 
described in astronon))'. 

* When we say tiiat a body weighs an ounce, a pound, or a hnndred 
pounds, we OTfpress, by these terms, the degree of attraetiou by which it is 
drawn towards tlie earth. 

t The weight of a body is not dependent solely on its size or bulk ; its 
density must also be considered. If wo take an equal quantity, by measure, 
of two substances, — lead and cork, for instance,— we shall find that,ftithouEh 
both are of the same siie, the lead will weigh maoh more than the oorlc. 
The cork is more porous than the lead, and, ooneequeiitly, the particles of 
whioh it is oomposed must be further apart, and therefore there must be 

smaller, and the particles will, therefore, bo crowded into a much smaller 
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104. Let US now apply this law to terreBti-ial gravity — that is, to 
the earth's'attraction; and, for that purpose, let us suppose four 
balls, of the same eiiie a^id density, to be pliiced respectively as fol- 
lows, namely : 

The first at the centre of the earth. 
The second on the surface of the earth. 

The third above the earth's surface, at twic« the distance of the 
Borfafifl from the centre (^Ihal distance being four thoJfiand ndks) . 
The fourth to be half way between the surface and the centre. 
To ascertain the attractive force of the earth on each of these balls, 

The first ball (at the centre) will be surrounded on all sides by an 
equal quantity of n>atter, and it will remain at rest. 

The seoond ball will be attracted downwards to the centre by the 
whole mass below it. 

Thethirdball,beJngat twice the distance from the surface (gravity 
decreasing as the square of the distance increases), will be attracted 
by a force equal to only one-fourth of that at the surfaoe. 

The fourth ball, being attracted downwards by that portion of the 
earth whiob is below it, and upwards by that portion which is above 
it, will bo influenced only by the difference between these two oppo- 
site attractions ; and, as the downward attraction is twice as groat as 
the upward, the downward attraction will prevail with naif its 
ori^nal force, the other half being balanced by the upward attoac- 

105. Aa weight is the meoivre of the earth's attraction, we may 
represent this principle by the weight of the balls, as follows (siip- 
posing the weight of eacli ball, at the surface of the earth, to be one 
potata) : 

The first ball will weigh nothing. 
The second will weigh one pound. 
The third will weigh one-quarter of a pound. 
The fourth will weigh one-half of a pound. 
The law of terrestrial graviiy, then, may be stated as follows ; 

^, . , 106. The foree of gravity is greatest at the sur- 
What IS the „ , , , ? . / ^ , „ 

law of Ter- Ri-oe or the earth, and it deoi-eases upwama as tho 
restria! square of the distance from the centre increases, 

i^rraeiiy! ^^^ downwaida simply as tlie distance feom the 
centre decreases. 

According to the principles just stated, a body which at the sup- 
foee of the earth weighs a pound at the centre of the eatth will 
weigh nothing. 

1000 miles from the centre it will weigh i of a pound. 

2000 " " " " " " 4 of a pound. 

3000 " " " " " " \ of a pound. 

4000 " '■ " " " " 1 pound. 
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8000 miles from tlio centre it will weigh J of a pound. 
12000 " " " ■' " " ^. 

16000 " " " " " " ^. 

20000 " " " " " " 2J5. 

24000 " " " " " " ^. 

28000 " " " " " " jV- 

32000 " " " " " " B^. 

If the priDciples that have sow been stated have been uude»t«od, 
the solutjoa of the following questions will not be difficult. 

107. Questions jov Solution. 

! lanh's atlr action a! (Ae sur/ace."] 

(1.) Suppose that a body weighing 800 pounds could be sunk 500 
wileB deep into the earth, — what would it weigh? 

SoluiioH. 500 miles is i of 4000 miles ; and, as the distance from 
the centre is decreased bj j, its weight would also be decreased in 
the same proportion, and the body would weigh TOO pounds. 

(3.) Suppose a body weighing 2 tons were sunk one mile below 
the surface of the earth, what would it Tveigh! Ana, 1. 99852". 

(8.) If a load of coal weighs six tons at the surface of the earth, 
what would it weigh iii the mine from which it was taken, sup- 
posing the mine were at a perpendicular distanca of half a mile 
fi-om the surface ! Ana. 5.99926?. 

(4.) If the fossil bonea of an animal dug from a depth of 6228 ffeet 
fi'om the surface, weigh four tons, what would be their weight at 
the depth where they were exhumed? Ans. ST. ISciof, 98». + 

(5.) If ft cubic yard of lead weigh 12 tons at the surface of the 
earth, what would it weigh at the distance of 1000 miles ft-om the 
centre! Ans. 3T. 

(6.) If a body on the surface of the earth weigh 4 tens, what would 
be its weight if it were elevated a thonsandmiles above the surfiioe? 

Solution. Square the two distaJioes 4000 and 6000, &c. 

Tods. cwt. qrs. lbs. 

Answer. 2 II SO. 

(7.) Which will weigh the most, a body of 3000 tons at the dis- 
tance of 4 millions of miles from the earth, or a body of 4000 tons at 
the distance of 8 millions of miles! Ane. .OOST. and .007T. + 

(8.) How far above the surface of the earth must a pound w«ght 
be carried to make it weigh one ounce avoirdupois! Ans, 12000m*, 

(0.) If a body weigh 3 tons when at the distance of a thousand 
miles above the surface of the earth, what would it weigii at the 
surface! Ane. ST. 2cv>t. 50lb. 

(10.) Suppose two balls ten thousand miles apart were to ap- 
proach each other under the influence of mutual attraction, the 
weight of one being represented by 16, that of the othei" by 80. 
How far would each move ? Ans, 6666| mi. and 88S3J mi. 
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(11.) Which would have the stronger attraotion on the earth, abody 
at the distance uf 65 millions of muea from the earth, "with a iveight 
represented by 1000, or abody at the distance represented by 85, and 
a weight represented by one ! Ans, As iirTSffffOirKiiisir '<* bbVb' 

(13.) Supposing the weight of a body to be represented by 4 and 
its distance at 6, and the weight of another body to be 6 and its 
distance at 4, which would esert the stronger power of attrao- 
tion! Ana, The second, as 4 to {. 

108. The Centre of GKsyiTT. — As eTery part of a body possesees 
the genaral property of attraction, it is evident that the attractive 
force of the mass of a body must be oonoentrated in Home point ; and 
this point is called the centre of gravity of the body. 

What is the 109. The Centre of GJraTity of a body is the 
Grauiiyofa po'iit about tvhlcb, all the parts balance each 
hodi/? other. 

110. This point in all Hphericd bodiea of uniform denaitywillbe 
the centre of sphericity. 

111. As the earth is a spherioal body, its centre of gravity is 
at the centre of its sphericity. 

112. When bodies approach each other under the eflect of mutual 
attraction, tiiey tend mutually to approach the centre of gravity of 
each' other, 

113. For this reason, when any body falls towards the earth ita 



of the earth, 
rig, 3. 



motion will be in a straight lino towards the 
No two bodies from diffirent pointa can approach 
the centre of a sphere in a parallel dire tion and o 
two bodies suspended from different points can hang 
parallel to one another. 

114. Evenapairof scaleshaogingperpend cul rly 
to the earth, as represented in Fif-. i i, nnot | 
exactly parallel, because they both point to the 6 mu 
spot, namely, the centre of the earth But th a: 
convergency is too small to be percept ble 
Wial 13 a ^^^- ^^ direction in wh cl i fdllu 

Vertical proaohea the surface of the enrth i&cilled a Vertical 
^'"^■' Line. 

No two vertical lines can be parallel. 

116. A weight suspended from any point will always assume * 
vertical position.* 



ei fluTob-iiHt, ftom the Latin word pfumtimi, lead. 
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117. All bodies under the inauence of tereestrial gravity will fall 
to the surface of the eacth in the same space of time, when at an 
equal diatiiiice from the eartli, if nothing impede them. But the 
wr presents bj its inertia a resistance to be overcome. This resist- 
ftnca can be more easily overoorae by dense bodies, and therefore the 
rapidity of the fall of a body will lie in proportion to its denaity. 

To what is 

^''LTofthe ^^^- ^"^^ resistance of the air to the faH of a 
ir to a fall- body is in direct proportion to the extent of its 






119. Heavy bodies can be made Afloat in the air, instead of 
falling immediately to the ground, by making the eitect of tlieir 

into thin leaf is not 
Q the resistance 

_. ._. , .__ ..._, jr fiills slovily. A sheet 

of paper also, for the saine reason, will fall very slowly if spread 
open, but, if folded intoasniall compass, so ob to jiresent but a small 
surface to the lur, ib will fall much more rapidly. 

120. This principle will esplain the reason why a person can 
with impunity leap from a greater height with an expanded um- 
brella in bis hand. The reaistance of the air to the broad surface 
of the umbrella chocks the rapidity of the fall. 

121. In the same manner the aeronaut safely descends fi'om a 
balloon at a great height by means of a parachute, liut, if by ^ny 
accident the parachate is not expanded a» he fitlls, the rapidity of the 
•all will not be checked. [See Fig. 4.] 

122. Effect of Qravitv on the DEMsrrr of the Am. — The air 
extends to a very considemble distance above the surface of the earth.* 
Chat portion which lies near the surface of the earth has to sustain 
(he weight of the portions above ; and the pressure of the upper parts 

* We have no moans of asoertainine ths esact height to wiioii the air 
txtanda. Sir John Herschel Enj3 : " Laying out of oonsidetation all nice 
quDEtions as to the probable exiatenoe of u definite limit to the almosphera, 
DGjoud irhich there is, abEoluCaly iind rlgarouslj speaking, no air, it is clear 
that, for all practical purposes, tve may apeak of those regions which are 
inore distant above the earth's surface than the hundredth pnrt of ita 
diameter as void of air, and, of eonrae, of clouds (which are nothing but 
visible vapors, diSiisod and fioating in the ^r, austained by it, and render- 
ing it turbid, OS mud does water). It seems probable, from many indica- 
tions, that the greatest height at irbleh visible olonda ever exist does net 
exoeed ten miles, at nhiob height the denslt; of the air is abonl an eighth 
partof what it isatUielevelof the aea." Although the exact height to 

reflect the sun's rays at a greater height than futtj-five miles 
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What effect H I 
has Gravity p 
upon the ^ 
«'r ? creaf . 



ID a state 
which in- 
the eaith. 



124. Gravity causes bodies in a fluid or gaseous form to 
move in a direotion seemingly at variance with its own !aw8. 

Thus amoke and steam ascend, and oil poured into a vessel oon- 
taining a heavier fluid wil! first sink and then rise to the surface. 
Thia seemingly anomalous circumatance, when rightly understood, 
will be found to be in perfect obedience to tbe laws of gravi- 
tation. Smoke and steam are both substances less dense than 
air, and are therefore less forcibly attracted by gravitation. 
The air being more stronj^ly attracted than steam or smoke, on 
ftccount of its superiiir density, falls into the space oueupjed by tlie 
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Eteam, and forces it upwards. The same reaaoiiing applies in the 
CEise of oil ; it is forced upwards by tlie heavier fluid, and both phe- 
nomena are tlius seen to be the necessary conseqnenoes of gravity. 
The rising of a cork or othei- similar light substaaoes from the bot- 
tom of a Vessel of water ia explained in the same way. This circum- 
stance leads to the consideration of what is called specifia gra/nity, 

Wkaiis 125, ■ Spbcific Gravity. — Specific Gravity 
'^^ific is a term used to express the relative weight of 
irravity ? equal bulks of different bodies.* 

126. If we take eqaal bulks of lead, wood, cork and air, we find 
the lead to be the heaviest, then the wood, then the cork, and lastly 
the air. Henc« we say that the epedfie gravity of cork is greatoi 
than that of air, tlio specific gravity of wood is greater than that of 
cork, and the specific gravity of lead ^ater than that of wood, &c. 

Iff?. FYom what has now been said with respect to the attran 
tion of gravitation and the specific gravity of bodies, it appears that, 
altliough the earth attracts all aubstanees, yet this very attraction 
causes acme bodies to rise and others to fall. 

123. Those bodies oc substances the specific gravity of which 
is erea-ter than that of air will fall, and those whose specific gravity 
is less than that of air wiO rise ; or, rather, the air, being- mora 
strongly attracted, will get bentath them, and, thus displacing them, 
•"■" — •"'. them to r-" 



For the same reason, cork 
and other light substances 
will not sink io water, be 
cause, the specific gravity 
of wat«r being greater, the 
water is more strongly at- 
tracted, and will he drawn 
down beneath them. [For 
a table of the specific 
gravity of bodies, see Hy- 
drostatics.] 



the same which occasions 
the ascent of smoke, steam, 
&c. Thematerials of which 
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• The quantity of inatter in a. body ia BBtimated, not by ita ap' 
siie, but by its troigbt. Some bodies, ns oork, foathets, &a., are 1 
light ; others, as lead, gold, mercury, Ao., are oallod heavy. Tlie 
of tbi? ia, that the particles whioh ooiopose the former are not i 
i therefore they oooupy oc ■■ ■■ 



the la 



irthey 






!B oloeoly togothi 



. little J 
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ft balloon is made, are lieavier tlinn air, but thoir esteDaion is 
greatly inoreaaed, and thej are filled with an elaatio Quid of a dif- 
ferent natore, Bpaoifiealiy lightar than air, so that, on the whole, the 
balluon when thua filled is much lighter than a pDrtion of air of tlie 
same dimensions, and it will rise. 

130. Gravitj, therefore, cavisea bodies which are lighter than 
air to ascend, those which are of equal weight with air to remain 
stationary, and thoae which are heavier than air to descend. But 
the rapidity of their descent is affected by the resiatance of the air, 
which resistance is proportioned to the extent of suriace ia the 
faliiog body. 

131. Mechanics. — Mechanics treats of mo- 
MechanicsJ ^'^"^i ^"^ *^® moving powera, their nature and 

laws, with their effects in machines. 
WItat is ^32. Motion is a continued change of place. 

133. On account of the inertia of matter, a body at rest cannot 
put itself in motion, nor can a body in motion stop iteelf. 

WliaCis 

meant by 134. That which causes motion is called a Force. 



135. That which e 



Whet is 

Resist- called 

IJefo te toi- ^^^- ■'■" ^^^S'tion to motion, we must consider 
siderediiiTe- the force, the resistance, the time, the space, 
Uon'? " '""" ^'■'^ direction, the velocity and the momentum. 

S£S ■ IW. Thevelocilji8the»piditj»Hli.hloh. 
io what is it body moves ; and it is always proportional to the 
p^oporuaji' £^j,^ |jy which the body is put in motion. 

138. The velocity of a moving body ia determined by tho time 
that it occupies in passing through a given apace. The greater tl^e 
Bpnca and the shorter the time, the greater la the velocity. Thus, 
it one body move at the rate of sis milee, and another twelve milea 
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What is 

theralefnr 139. To find the velocity of a liody, the space 

jilidmgthe pagggij overmustbe divided by tlie time empioyed 

vdoaly 1/ , , . " 

a moiling in moving over it. 

Thus, if a body move 100 miles in. 20 hours, the veloeitj is found 
by dividicig 100 by 20. The result is five miJes an hour.* 

140. Queslions for SoMion. 

(1.) If a Ijody move lODO miles in 20 days, what is ita Telocity t Am. 
60 milBs s. day. 

(2.) If a horse traTCl 15 miles 1q an hour, what is his valooityl Ana. 
iofamilBinaminute. 

(».) Suppose one man walk SOO miles in 10 daja, and another 200 miles in 
the same time, — what are their respective velocities 1 Am. 30 & 20, 

(1.) If a ball Ihroim from aaaimon strike the ground -at the distance of 
3 miles in 3 seooodBfrom the time of its disohiu-ge, what is itsralooity '.A. 1. 

(o.) Suppose a, flash of lightuiug oome from a cloud 3 miles distant Avm 
the earth, and the thunder be heard in 14 seconds after the flash is Sean; 
how fast does sound travel 1 Ant. liB^/tpe- MO. 

(li.) The sun is 95 mUlicns of miles from tho earth, and it takes Bi 
minutes for the light from the sun to reach the earth ; with what Telocity 
dues light move 1 1 ■A'^- 191919 + >"'■ P^ ««=. 

' Velocity is sometimes called absolute, and someUmes relative. Veloa- 
Ity is called absolute when the motion of a body in spaoe is considered 
withoutreference to that of other bodies. When, for instance, a horse goes 
a hundred miles in ten bours, his absolnta velocity is ten miles an hour. 
■Velocity is called relative when it is compared with that of another body. 
Thus, if one horse travel only fifty miles In ten hours, and another one 
hundred in the same time, the absolute velocity of the first horse is five 
luilesanhour, and that oftho latter is ten miles; but their relative velocity 
is aa two to one. 

t From the table here subjoined, the i 



Swiftest taee-borse . . . . GO . 
Bailroad train ia England . 32 . 



" " Germany 24 . . 

ohannels 5 " ! ! 

American on the Hudson. . 13 . . 

Fast-aailins vessels .... 10 . . 
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How IS the -^^-^_ ;ji[jg ij^jg employed by ii body in motion 
td by a aiov- day be ascertained by dividing the space by the 
Ingbodyas^ Velocity. 

Thus, if the space passed over be 100 milea.andtheTelooity 5 milea 
iu in hour, the time will be 100 divided by 6. Ans. 20 hours. 

142. Questions for Solution,. 

(1.) If a cannon-ban, with a Telocity of 3 milas in aminute, stribo the 
gronnd at the distanoo of one mile, what is the time employed T Am. j of 
a minute, or 20 seconds. 

(a.) Sappose light to move at tha rate of 192,000 miles in n seoona of 
time, hon long ntll it take to reach ths earth from tbo sun, nhiob is 85 
milliona of miles distant 1 Ans, 8 mitt. 14.07 tec -J- 

(S.) If a railroftd-oat run at the rate of 20 miles an honr, how long will 
it take to go from Washington to Boston, -distance 432 mllaal' Ans, SI.6 Aj-. 

(4.) Suppose e. ship sail at tha rate of 6 miles an hour, how long will it 
take to go from the United Stales to Europe, across the Atlantic Uoean, a 
distance of 2300 miles 1 4.«t. IB aa. ID /it-. 40 mix. 

(5.) If the earth go round the son in 3Bfi days, and the distance traveUad 
be 510 millions of milo, how fastdoes it travel 1 Aas. 1,419,433^^ m{. 

Washington, reach New'orleanB at G o'clock at night, a distance of 1200 
miles, ho.n' fast does it fly 1 Ans, 100 mi. psi- lir. 

How may Ike 

space passed ]^^g_ rpj^^j apace passed over may be found by 
in motion h multiplying the velocity by the time. 
ascertained .' 



at Sr F i ^^ 

Aic-ean bullet, air com-) 

pressed to -01 of its ^ 466 

A point on the surface of ) j p,- 

Earth in its orbit .... GT,374 

The velocity of light is 192,000 miles in a second of thn 



. 1,610 
. 98,S16. 



NATURAL PHILOSOPHY. 



lii. (1.) Ifayc3S6l3iull25!iiaeamadayfotlendays,iiow tar niUit 
sail in that time 1 - -d"*. 12S0 mi. 

(i.) SnjiiiosB tLe average rate of afaamerabetneen Now York and Albany 
be about 11 miles an hour, nliioh they traTorae in about U hoara, i^hat 
is the distance between theae tiro cities by the river 1 Atis. 1E4 mi. 

(3.) anppoas tho cars going ovaf the railroad between theaa two cities 

tanoe, how far ia it from New York to Albany by railroad 1 Am. 200 mi. 

(i.) If a man walking from Boston at tho rate of 2.^ miles in an hour reath 
Salem in « honrs, what is the distanoo from Boston to Salem t Ana. 16 mi. 

(5.) The waters of a certain riror, moring at the rate of 4 feet in a 

of tha^rer. What ia tbo length of that river t Ans. S9aA mi. 

(6.) A oannon-Iiall, moving at the rate of 2400 feet in a second of time, 
atrikosatergetiBiBeoonda. What is the diatance of Uie targoti A.9W0/t. 

US. The folloiring formulas embrace the sovcral ratios of the tinie, spaoo 
and velocity : 

(1.) The space divided by the Ume equals the velocity, or — = '^■ 

(2.) The space dividod by the velocity equals thotime, or- = t. 

(3.) The velocity multiplied by tho Ume oquala the space, or vXt=S. 

kinds of 146. There are three tinda of motion, namely, 
m^on are Uniform, Accelerated and Retarded. 

What is Uni- 147- Uniform Motion is that by which a 
formMoHon? body movea Over equal spaces in ecLiial times. 
What is 'Accel- 148 . Accelerated Motion is that by which the 
eraied Motion 1 velocity increases while the body is moving. 
WSirfwflff- 149. Retarded Motion ia that by which the 



larded Mo- 



velocity decreases while the body is moving. 



ftm'^orcJt 150. Uniform Motion is produced by the 
eraiedand re- momentary action of a single force. Acceler- 
tarded moiion ^^ Motion IS produced by the continued action 
respecliivly ^ •' 

produced ? of one Or more forc^. Retarded Motion is pro- 
duced by some resistance. 

151. A ball struck by a bat, Ijr a stona thrown from the hand is 
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IB theory an instanos of uniform motion; and, if the attraction of 
gcavity and tbo resistance of the air coidd be suspended, it would 
proceed onwards in a, straight line, with a uniform motion, forever. 
But, as the resistance of t^e air and gravity both tend to deflect it, 
it iu faot becomes first an instanoo of retarded, and then of acoel- 
evatad motion. 

152. A stone, or any other body, falling from a height, is an 
instance of accelerated motion. The force of gravity conUnuos to 
operate upon it during the whole time of ita descent, and con- 
stantly increassB ita vdocity. It begins its descent with the first 
impulse of attraction, and, could the loroe of gravity which gave it 
the ioipuleo be suspended, it would continue ita descent with a 
uniform velocity. But, while falling it is every moment receiving a 
now impulse from gravity, and its velocity is constantly increasing 
during the whole time of its descent. 

153. A stone thrown perpendicularly upward is an instance of 
retarded motion ; for, as soon as it begins to ascend, gravity immedi- 
ately attracts it downwards, and thus its velocity is diminished. The 
retiudiug force of gravity a«t8 upon it during every moment of its 
ascent, decreasing its velocity until its upward motion is entirely 
destroyed. It then begins to fell with a motion continually acceler- 
ated undl it reaches the ground. 

What time 

idy projected upwards will occupy the 
a its ascent and descent. 



This is a necessary consequence of the eflfect of gravity, which 
uniformly retards it iu the ascent and accelerates it in its descent. 



does a body 


154. A h 


occupy in Us 
ascent and 


Game time 


descent ? 





peinal moiiai 



155. Perpetual Motion. — Perpetual Mo- 
te produced? tion is deemed an impossibility iu raechauies, 
because actiou and reaction are always equal and in con- 
trary directions. 

Whatismeant 156. By the action of a body is meant the 
by Action and •' " 

Reiiciion ? effect which it produces upon another body. 
Ey reiction is meant the effect which it receives from the 
body on which it acts. 

Thus, when a body iu motion strikes another body, it acts upon it, 
or priiducea motion ; but it also meeta with resistance from the body 
which is struck, and this raaistance is tlie reaction of the body. 
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s of Elastic and 

(1.) Figure 6 represents two ivory * balls, A and B, ^'S' * 
ofequalBize, weight, &c., suspended hjtlireada. If the ~ 

ball A be drawn a little on one side and then let go, 
it will strike against the other ball B, and drive it 
to a distance equal to that through, whicli the first ball 
fell; but the motion of A will bo stopped, because when itstritea 
B it receives in return a blow equal to that which, it gave, but in 
a contrary direction, and itamotion is thereby stopped, or, ratber. 
given to B. Therefore, whea a body strikes ajpiinst another, 
the quantity of motion communicated to the second body is lost 
by the first; but this loss proceeds, not from the blow given by 
the striking body, but from the reaction of the body which it 
struck. 

(2.) Eig, 7 repr^ents six ivory balls of equal weight, suspended 
by threads. If the ball A be drawn out of the perpendicular 
and let fall against B. it will communicate its mo- „ _ 
tion to B, and receive a reaction from it which wOl 
stop its own motion. But the ball K cannot move 
without moving C ; it will therefore communicate 
the motion which it received from A to 0, and 
receive from C a reaction, which will stop its motion. 
In like manner the motion and reaction are received by each ol 
the balls D, E, F ; but, as there is ao ball beyond F to act upon 
it, F will fly off. 

N. B. This experiment is to be parformed wili elastic balls only. 

{3). Fig. 8 represents two halls of clay (which are not elastic), 
of equal weight, suspended by strings. If the ball D 
bn raised and let fall against E, only part of the mo- ^'g- 8. 
tion of D will he destroyed by it (because the bodies 
are non-elastic), and the two halls will move bn togeth- 
er to d and e, which are less distant from the ver- 
tical line than the ball D was before it fell. Still, 

* It irill be reaollenbsd thftl »cry is eoneidered bighl; iliaiic. 
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nowoTOr, action and reaction are equal, for the action on E is 
only enough, to make it move througk a smaller apace, bat so 
much of D's motion is now . 



157. It is upon the principle of action and reaction that birda 
are enabled to &y. They strike the air with their wings, and the 
reaction of the air eoablea them to rise, fi " ■ . .■ . 

at will, by inereaeicg or diminishing the fc 
wings, i 

15S. It ia likewise upon the aame principle of action and reaction 
that fialiea swioi, or, rather, make their way through the water, 
namely, by striking the water with their fins. J 

159. Boats are also propelled by oars on the same principle, and 
the oara are lifted out of the water, after every stroke, so as com- 
pletely to prevent any reiiction in a backward direction. 
How may 160. Motion may be caused either by action oi 
caused J reaction. When caused by action it is called 
Incident, and when caused by reaction it is called Refected 
Motion. ^ 

• Piga. 6 and T, as bus been axplainedj abow the effect of notion and ro- 
actioD ia elastic bodies, and Fig. 8 shovs tbo same effect in ncu-olastic bodios. 
Wban tho slastioitj of a body ia imperfeot, an intarmeiiatB effect will bn 
prodnoed ; that ia, the ball which ia atruok will riae higher than in case of 
Eon-etaatio bodies, and less so than in that of porfectlj elastio bodies; and 
the striking ball will be retarded more than in the former ease, but not 
stopped oompletely, as in the latter. Thej will, therefore, both moTB 
onwards ttttet tha blow, but not together, or to the same distanoe ; but . 
this, aa in the praoeding oases, the whole quantit; of motion destroyed tn 
Hi atriking ball will be equal to that produced in the ball struok. Con- 
dcctcdwith " the Boston sahool apparatus" is a stand with ivory balls, to 
give a visible illustration of tha effects of collision. ■ 

■)■ The muscular power of birds ia mnoi greater in proportion to their 
weight Chan that of man. If a man were fnrniahed with wings sufficiently 
large to enable him to By, he would not have Eufficiont strength or muscular 

X The power possessed by fishes, of sinking or rising in the water, ia 
greatly aaaiatad by a peculiar apparatua furnished them by nature, called 
an air-bladder, by the expansion or contraction of whioh they rise or fall, 
on tha principle of speoi£o gravity. 

S The word lacidenr implies /ulim; upon, or direcled towards. The word 
TeJUcltd implies lunieil back. Inoldentmntion Is motion directed towards any 
particular object, against which a moving body strikes. Reflected motion 
is that whioh is oanaed by the reaction of the body whioh is struck. Thus, 
when B bait is thrown against a surface, it rebounds or is turned back. This 
return of the ball Is called reflected motion. As reflected motion is oansed 
by reaotion, and raaoUon is inereasBd by Blaetioity, it follows that reflooted 
motion is always greatest in those bodies whioh are mo^t elastic. For this 
reHBon, a ball filled with air rebounds bsttsr than one elaffed with brao or 
wool, DBcause its elasticity is greater. For the some reason, balls made of 



ufm< 



NATURAL PHILOSOPHY. 



What is 161. Tlie angle * of incidence ia the angle formed 
0? "inci- ^J '^^ ^^"^ which the incident body makes in its 
dence! passage towards any object, with a line perpendic- 
uliir to the surface of the object. 



• As this book tuttj fall into the bands of soma 
gaometrioal figures, a few esplanatiooe are bore 

1. An angle la tbe opening made bj two lines i 
point. The size of the angle depends upon lAe oper. 
of tie Hies. 

2. A circle is a pflrfeotly round figure, erery 
part of the outer cdgo of whioh, o&lled the cir- 
enmfercnee, is cqnall; distant front a point 
within, called the oentre. ISee Fig. 9.] 

3. The etraight lines drawn from tbo oentro 
to the oircumference are Balled radii. [The 
singnlar number of thia word is radius,] Thus, 
in Pig. B, tbo linoa CD, C 0, E, and A, are 




caUed dial 



circle . 
6, The 1 



Thus, 



B tgM 



•B, D A is a diameter of th« 
d Into 3(10 equal parts, oalled 



I of all citoles is divid. 
degrees. The diomutor of a tlcala divides tbe 
parts, of 13D degrees each. 

6. All angles are measnred by tbe number of degrees wbioh they contain 
Thus, in Fig. 9, tbe angle K C A, aa it includes one-iiuartBr of the circle, ia 
an angle of 9D degrees, wbiob la a quarter of 360. And tbe angles R 
and D are angles of 45 degrees. 

7. Anglesof DO degrees are right angles ; anglefi of less than 90 degrees, 
Bcuto angles; and angles of more than 90 degrees are culled obtuse angles. 
Thus, in Kg. 9, BOA ia a right angle, OR an acuta, aad A an obtuso 
angle. 

8. A porpeadicular l^ne Is a line which makes an angle of 90 degress on 
each side of any other line or surface ; therefore, it will incline neither to 

le side nor to the other. Thus, in Pig. 9, RC is perpendicular to D A. 



IB a tangent. 

These will always be right angles. [Sm Fig. 1 

11. A parallelogram ■ - 
[See Figs. 12 oadil.-i J 

12 A rectanfrle is a 

[N. B. It-w 



engthcned at e! 
, having f, 



araltelogr: 



ir eqnal angles, 
ual and parallel 



nely, t 



r sides 



:ctaDgle. ; 
!l he equal, 



^ B must all be _ _ „ . 

are essential lo a rectangle ; namel}', the ajigles mast all be right angles, 
and the opposite sidea most be equal and palallel. One thing only is esseu- 
ttal to a parallologram ; namely, tha opposite sides must be equal and 
parallel.] 

rj. The diagonal of a square, uf a parallologram, or a rectangle, ia a lint 
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Explain J62. Thus, in Fig. 10, the line 3?ig. ] 

Pig. 10 ABC represents a wall, and P B ** -.-.^ 

B, line perpendicular to its surface. is a 

ball moving in the direction of the dotted _..- 

lino, B. Ihe angle B P is the angle of ^ -■-'""' 

incidence. 

Wlmt is 163. The angle of reflection is the angle formed 

ofr^c- ^^ ''^^ perpendicular with the line made by the 

(ion.' reOected body aa it leares the surface against 

which it struck. 

Thus, in Pig. 10, the angle P E R is tho angle of reflection. 

forZnoftMligh 1^4. The angles of incidence and re- 
of incidence to the flection are always equal to one another.* 
angle of rgfeeft'on ? 

(1.) Thus, in Fig. 10, the angle of incidenee, O B P, and the 
angle of reflection, P B R, are equal to one another ; that is, 
thej contain an eq^ual number of degrees. 

^'^o/iferf' 165. IVom what haa now been stated with 

in motion which regard to the angles of incidence and reflee- 

strikei against ^jg^ jj follows, that when a ball is thrown 

anothei fixed ' ' 

body ? perpendicularly against an object ■which 

it cannot penetrate, it will return in the same direction ; 
but, if it be throion obliquely, it will return obliquely on 
the opposite side of the perpendicular, The moi-e ob- 
liquely the ball is thrown, the more obliquely it will 
rebound. ^ . 

drawn through eitherof them, and termiaadngnt the opposite angles. Tliu«, 
in Kga. 11, 13, and 13, ths line A C is the diagonal of the square, pamllelo- 
gram, or rectangle. 

• Ao nnderslanding of this \mt of refleoted motion is tory importaot, 
because it is a. fandamental law, not only in Mechanics, but also in Pyio- 
uomics, AcodsUds and Optios.- 

t It la from a knowledge o{ these fiiota that ekill ia acquired in many 
different aorta of games, as Billiards, Bagatelle, &e. A ball may also, on 
the Hame pttnciplo, be thronn from n gun against a foitillaation so aa to 
reaeli an objoot out of tho range of a direct flhot. 
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What is the ^^^- MOMENTUM. — The Momentum * of a 
Mommium tody is its quantity of motion, f and it expresses 
"J '' " y- the force with which it would strike against 
another body. 

Momsnhim '^^^ Momentum of a body is ascertained by 



How can a 168. A small or a light body may be made 
lighi body ^ Strike against another body with a greater 
Ic made to force tbaji a heavier body simply by giving it 
damage as sufficient velocity, — that is, by making it have 
a large one! greater momentum. 

Thu3, a cork weighing J of an ounce, shot from a pistoi with the 
Telocity of lOU feet in a second, will do more damage than a leaden 
shot weighing J of an ounce, thrown from tha hand with a velocitj 
of 40 feet in a aeoond, because the momentum of the cork will be 
the greater. 

The momentum of the cork is JX100=25. 

That of the leadett shot is iX4l> =5. 

169. QacsHoasfor SoMion. 

(1.) What is tliB momentum of a body neiEhiiig B pouada, moviDg with 
tha volooity of 60 foot in n, aeooad 1 Ans. M50. 

(2.) What ia ths momentum of a steira-engiDe, weighing 3 tons, moving 
with the velocitj of 60 miies in an liour 1 Ans. 130. 

[N. B, It mnst 1)6 rBOollected tbat, in eomparing the momenta of bodies, 
the -velooitios aad the time of the bodies compared mnst be roapoetiTaly of 
tha same deuomioation. If the time of one bn mictttes and of the other be 
hours, they must both be considered in minutaa, or both in bouts. So, 
with regard to tha spaaaa and the weights, if one be feet nil must be 



(3.) If a hoilj whose weight is espxeased hy 9 and yeloojtj by 6 ia in 
motion, what ia ita momeotum 1 Ans. fil. 

{4.) AbodjwhosemomantumiaeShaaaToloeitjof 9; what is its weight ^ 

" The plural of this word is flwunraro 

■)■ The quafltity of motion aommunieated to a body dooa not affoct tha 
duration of the motion. If but little motion bo oomma moated, the body 
will move slo-wly. If a groat degree bo imparted, it will move rapidly. 
But in both easaa the motion wiU i,untinue until it li deattwyad by aoina 



Is found by dividinf. 

(6.) Tiie momontum is eipreased "by 12, the weight by 2 ; what b tlia 

(fi.) Tho momentinm 9, Telocity 9, ubat is the weight 1 A^. \. 

(7.) MomeiituBk 36, weight 6, required the yelooHy, J,na. 6. 

(8.) A body with a momontum of 12 atrikea anothor with amomentum of 
E ; what will be the ooneeqaenoa 1 Aia. Beth have mum, of e. 

[N. B. When tmi bodUa, in oppasilt daeclimu, come inig aillisiyn., Ikiy each 
iiisc an rqual qjlantill/ ofl/iar momenta.] ' 

(B.) A body weighing 15, with a velooity of 12, meeta another coming in 
the oppoaite direction, tvith a velooity of 20, aad a n-eight of 10 ; what will 
he the eaact I Ana. BuUi muvB with mom. of 90. 

(10.) Two bodiea meet together in oppoaite dlrectiona. A has & velocity 
nf 12 and a weight of 7, £ haj a momentnm ezpressed by 84. What will 

(U.) Suppose the weigl;t of a comet bo represented by 1 and ita velooity 
by IS, ttni the weight of the earth be eipressed by 100 and iia Telocity by 
10, what woold be the oonaequenoe of tt oolliaion, supposing them to be 
moving in opposite diroetiona T Am. Bold heve mom. of 938. 

(12. > If a body with aweight of T5 and a Tolooity of i run against a man 
whose weight is 150, and who is standing still, what wilt be the couse- 
qnonoo, if the man uses no eBo" but his weight t Am. Man has vel. oflj- 

(13.) With what velocity mnst a 61 i>onnd cannon-ball fly to be equally 
effeotiye with a, battering-^am of 12,000 pounds propelled with a velocity 
ofiefeetinaseeoudi Ans. 3am_)i. 

170. ArfRACTiON — Law or Falling BoBiBB. — Whin one body 
strikes another it will cause wi effect proportional to its own weight 
aad velocity (or, in other worda, ita momentum) ; and the body 
which receives the blow will move on with a uniform velocity (if 
tho blow be sufficient to overcome its inertia) in tho direction of 
the motion of the blow. But, when a body moves by the force of 
a uonstant attraction, it will moye with a constantly iiccelerated 

171. ~ This is especially the case with falling bodies. The earth 
attracts them with a force suffioient to brine them down through a 
certain number of feet during the first second of time. While the 
body is thus in motion with a veloiuty, say of sixteen feet, the earth 
still attracts it, and daring the second second it communicates an 
additional velocity, and every succe^ve second of time Ihe attrac- 
tion of the earth adds to the yelocity in a similar proportion, so that 
during any given time, a falling body will acquire a velooity whiuh, 
in tlie same time, would carry it over twice the space through which 
it has already fallen. Hence wo deduce tho following law ; 

mat is th, 172. A body falling from a height will fall 
ing bodieaf sixteen feet in the first second of time,* three 
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times that distance in the eecond, five times in the 
third, seven in the foiuth, its velocity increasing during 
every auccessive second, as the odd numhers 1, 3, 5, 7, 9, 
11, 13, &c,* 

Tho laws of falling bodies ore olearly demonatvatod by a, machanieal 
nn-angcment fcoown by the name of >' Allmmd's Marhine," in which a small 
weight is tnftde to oommunioste motion to two othora attached to a oord 
passing over frictiou-rollecs (causing one to ascend and the other to 
dasoeud), and marking the progress of the deseending weight b; the oscil- 
lations of a, pendulum on a graduated scale, attached to one of Che columns 
of the machine. It has not been deemed expedient to present a cut of the 
machine, because withoDt the machine itself the esplanation of its operas 
tion would be uiisaCiafactory, with the machine itself In riew the sim- 
plici^ of its oonstruetiou would render an explanation nnnecessar}'. 

* The entii-e spaces through which a body will hare fallen in any given 
number of seconds imrease as ihe syaia-ia ol, the times. This law wob dis- 
covered by Galileo, and may thns be explained. If a body foil sixteen feat 
In one second, in two seconds it will have fallen four times as far, in three 
seconds nine times as far, in four seconds sixteen times as far, in the £ttlk 
second twenty-five times, Ac, in the sixth thiity-six times, &a. 



9 IT 18 Bl 

10 19 20 100 

From this Blatement It appears that the spaces passed throngh by a 
fiilling body, in any number of seconds, increase as the odd numbers 1, 3, 
5, 7, 9, II, *o. ; the velocity increases as the even numbers 2, 4, 6, 8, 10, 
12, &<s. ; and the total spaces passed through in any given number of 
■econds increase aa the squares of the numbers indicating tlie seconds, 
—thus, 1, 4, 9, 16, 25, 36, &o. 

Arbtotle maintained that the Yelocity of any falling body is in direct 
proportion to its weight; and that, if two bodies of unequal weight were let 
ftll from any height at the same moment, the heavier body would reach the 
ground in a shorter time, in exact proportion aa ita weight exceeded that 
of the lighter one. Hence, according to his doctrine, a body weighing two 
pounds would fall in half the time required for the fall of a body weighing 
only one ponnd. This doctrine was embraced by oil the followera of that 
distinguished philosopher, until the tune of Galileo, of morence, who flour- 
ished about the middle of tfje sixteenth oentury He maintamert that the 
velocity of a falling body is not affected by its weight, and challenged the 
adherents of the Arisloielian doctnne to the test of experiment The 

was tried whioh proved the truth of Galileo's tlieorv A dislingnialied 
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173. The height of a, building, or the depth of a well, rany thus 
be estimated very^ neurly by observing the lengtli of time wliich a 
Btuce takea in falilag from the top to the bottom. 



17i. Exei 



lfl4-43+8IH-U2-j-Ui=100 feet ; or, 6X5=25, Bquaro of the number 
of aaoonda, multiplied by the numbor of feet it fttlls tliroagh in one scoonil, 
namelj, 16 feet ; that>. 25X1B=*00 feet. 

(i.) SuppoBB a ball, dropped from the apire of a. cathedral, reach the 
ground in 9 eeoonds, hon high is that spire 1 

16+i8-(-80+112+Ul-fl7ft-|-20a-|-Bi(H-2T2=1196feBt. 

Or, aqnacing the timo in seconiia, 02=B1, multiplied bj 16=1296. Ana. 

[It hUI heroaftei' be shown that this law of falling bodies applies to all 
bodies, whsther falling perpeodioularly or obliquely. Thus, whether a 
Btone be thrown from tha top of a building horisontallj or dropped perpen- 
dioularty downnarda, in both oases the stone irill reaoh the ground in the 
same time ; and Uiia role uppllas equally to a ball ptojeoted ftum a oanoon, 
and to a atona thrown from the hand.] 

(3.) It a ball, projected from a cannon from the top of a pyramid, rsaoh 
the grouiid in * ssoonda, how high is the pyramid T Ana. 4B6j* 

(1.) How deep is a veil, into which a stone being dropped, it reaches the 
water 6 feet from the bottODJ of the well in 3 aeconda 1 Atia. TD/t. 

(6.) The light of a meteor bursting in the air is seen, and In 45 seeonds 
a meteoric stone falls to the ground. Supposing the stone to have pro- 
oeeded ^om the explosion of tbo meteor perpendicularly, how far from 
the earth, in feet, was the meteor 1 *5=X'fi=32,400 feet. 

(6.) What ia the difference in the depth of two wells, into one of which a 
stone being dropped, is board to strike the water in 9 SEoonds, and into 
the other in 9 seconds, supposing that the water be of equal depth in both, 
and malting no allowanos fur the progressive motioii of sound 1 A. SSSJi 

It was a criaia in the hiatory of haman knowledge. On the one side stood 
the assembled wisdom of the univursities, revered for age and soienee, 
.reBorable, dignified, united and commnudjng. iround them thronged the 
mul^tudo, and about them clustered the associations of oentnrioB. On the 
other there stood an obscure young man (Galileo), with no retinne of fcl- 
*"' ■ " ' * le, or station. But his courage waa 

lie power of truth, hia form is erect 

b.ills to be employed in the experiments are oarefuiiy weighed and sent 
tinixed, to detect deception. The parties are satisfied. The one bail ia 
exactly twice the weight of the other. The followors of Aristotle maintain 
that, when the balla are dropped from the tower, the heavy one will Teach 
the giound in exactly half the time employed by the lighter ball. Saliled 
assorts that the weights of the balls do not afTeot their velocities, and timt 
the times of descent will be equal ; and here the disputants join issne. 
The baUa are COBVojed to the summit of the lofty tower. The crowd aa- 
semble round the base ; the signal ia given ; the balla are dropped at the 
bomo instant ; and, ewift descending, at the aame moment Hiey etrilie the 
earth. Again and again the eiperunont ia repeated, with uniform [■esulls 
Balileo'e triumph was complete ; not a shadow of a doubt remained." 

5* 
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(10 A boy ruscd his kita in the niglit, with a liDtera attiujhed to it. 
TJnfortanatoiy, the string whioh atlaohed the lantern buoka, and the lantarn 
fell to tUe groufld in 6 Beeonds. How high was the kite I Jna S7aA 

175. Retarded Motion of Bodies Projected Upwards. — All tho 
drouiDsUncea attending the accelerated descent of falling bodies are 
exhibited whon a body is projected upwards, but in a reversed order. 

ftZZeThe '^'^^- ^'J determine the height to ^hieh a 
height to whkkhoiy, projected upwards, will rise, with a 
"jS'^Zrds ^''^^ velocity, it is onlj necessary to deter- 
viiik a given mioe the height from which a body would fall 
^^tZ' """ *° f^^y^ the same velocity. 

177. Thus, if it be required to ascertain how high a body would 
rise when projected upwariis with a force sufficient to currj it 144 
feet in the first second of time, we reverse the series of nurabers 



400 feet, and the time emplojod would be 5 seconds. 

How does ^^ ,„n ^\^ ■ 

time of the as- 178. The time employed in the ascent and 
cent of a body ^^^^^^^ gf ^ body projected upwards will, 

compare with ^ r j r j 

the time of its thereforBj always be ecjual. 

(1.) SuppoEB a, oanoon-ball, projeoted perpaDdionlorly upirarda, returned 
to the grouad in 18 seconds ; how high did it asoeud, and what Is the TeTooUy 
of projeotion 1 Ans. IBBS^i 2nfl.]staeo. 

(i.) How high will a stons rise which a man throns upward nilh a foi-ee 
Butaoiant to carry it 48 feet during the first eeoond of time f -iis. M/t. 

(S.) Suppose a roofcet to asoand with a yelooity suffieient to carry it !7B 
feet during the first seoond of time ; hew liigh will it asoend, and what 
time will it oooupy in its ascent and dsssent 1 Ans. Sl&fS. ; 13 lea 

(i.) A musket-ball is thrown upwards until Itreaabas the h ~ 

faet. Hon long a time, in seaonds, will it oooupy in its oseent 



ebut? 

(6.) How long time, in saeonds, would it take 
6000 feet aborelha surface of the earth, provided ^ , 

with a force sufficient only to reaoh the object % -Ins. 17.87 eea -\- 

179. Compound Motion. — Motion may be produced 
either by a single force or by the operation of two or more 
forces. 
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la what direc- 180. Simple Motion is the motion of a body 



tioTt (if a body 



impelled hj a. single force, and is always 



petied by a Straight line in the same direction with the 
single force? force that acta. 

W/iaiisCom- 181. Compound Motion ia caused by the 
foundMution? operation of two or more forces at the same 
time. 

"When a body 

'issiTuckbytiao 182. When a body is struck by two equal 
equal farces, in foj.geg j^ opposite directions, it will remain at 
opposite atrec- i ki ' 

lions, how win rest. 

133. If "ths forces be unegual, the botlj lyiU move witli dimin- 
ished force in the direction of the greater force; Thus, if a body 
with a momentum of 9 be opposed by another body with a momen- 
tum of 6, botb will move wit£ a momentum of 3 in the direction of 
the greater force. 

How will a 1^4- -^ ^'^^Jj struck by two forces in dif- 

body move ferent directions, will move in a line between 
twfor'^^^n^ them, in the direction of the diagonal of a 
different direc- parallelogram, having for its sides the lines 
*"" ■ through which the body would pass if urged 

by each of the forces separately. 
How wiU llie 

body move, if 185. When .the forces are equal and at 
^ipuiland'ai ''igl''' angles to each other, the body will 
right angles to move in the diagonal of « square, 
each other ? 

186. Let Fig, 11 represeot a ball struck by jj. n^ 
the two equal forcca X and Y. In this figure ^ 

the forces are inclined to each other at an an 
of 90°, or a right angle. Suppose that the 
force X would send it from C to B, and the 
force Y from C to J). As it cannot obey both, 
it will go between them to A, and the line C A, 
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through. whioU it passes, is the diagonal of the square, A. B C D, 
This line also representa the resultant of the two forces. 

Tho time occupied in its passage from C to A will be the 
same as the force X would require to send it to B, or the force 
Y to sead it to D, 

body move IS"^- If two unequal forces act at right 

under ^ influ- angles to each other on a body, the body will 
equai forces at ^ovo in the direction of tlie diagonal of a 
right angles to rectangle, 
each otlier f 

SxplamFig. 188. Illustration. — In Fig. 12 the ball C is 
^2. represented as acted upon by I'ig. la. 

two unequal forces, X and Y. The force X 
would send it to B, and the force Y to J>. As 
it cannot obey both, it will move in tbe direc- 
tion C A, thediagonalof the rectangle ABO D. fl 

Bo^ mil Ike body move ^[gg^ y^^ ^ f ^ ^ ■ ^j^ 

tf tnejorces act m toe 

direction of any other direction of an acute or an obtuso 

than a right mgUi angle, the body will move in the di- 

How wilt a body move tf ^ ' , , , 

the forces act in the di- rection Of the diagonal of a parallelo- 

rection of an acate or avam 

obtuse angle? ° 

Explain 190. IUustration.—la figure 13 the hall is 

■Fi'^r. 13- supposed to be influenced by two Fig. la. 

forces, one of wkioh would send it to B and ^-^^ — ^-.-■■^ 

tlie other to D, the foicca acting in the / '^K'''^ / 

direction of an acute angle. The ball will, /-■''"''^ ''•-.. / 
therefore, inove between them in the line 
C A, the longer diagonal of the parallelogram A B C K. 

191. The same figure explains the motion of a ball when the 
two forces act in the direction of an obtuse angle. 

192. lUustralion. — The ball D, under tbe influence of twc* 
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forces, one of which wouM send it to C, and the other to A, 
which, it will be observed, is ia the direotion of an obtuse 
angle, will proeoed in this case to B, the shorter diagonal of the 
parallelogram A B D. 

[N. B. A parallelogram containing aoute and olitnse nngles has two 
diagonals, tho ona whieli joins tha aoate angles being tho longer.] 

What is Re^ • 193. Reaultant Motion is the effect or re- 
gion ? " ^^"^ '^^ '^^ "potions compounded into one. 

194. If two men be sailing in separate boats, in the same 
direction, and at the saxae rate, and one toes an apple to the 
other, the apple would appear to pass directly aorosa from one 
to the other, ia a line of direction perpendicular to the side of 
each boat. But its real course is through ■th.e air in the diag- 
onal of a parallelogram, formed bj the lines representing the 
course of each boat, and perpendiculars drawn to thoas lines 
from the apot where each man stands as tiie one tosses and the 
Ei^lain o*''^^*' eatohea the apple. In Fig. 14 
■PV^. 14, the Hues A B and CD represent the u " p' 

course of each boat E the spot where the man. I .-'j ^ 

atinds who totsci the apple , whJe thp apple h *" — j — ^ •* 
in its passage the boats have passed fiom E 
and Gr to H and F respectively But the aj pie ha-v ng a 
motinn with the man that would cairy it fiom E to H and 
likeni^e a piojeotile force which, would cany it fiom E to Q, 
cannot obey them both, but will pass through the dofted line 
E F, which is the diagonal of the parallelogram E G F H.* 
How can we 195. When a body is acted upon by three or 
'd^ti^lfthe ^"'^^ ^'*'^'"^ ^^ *'^^ ^^^ *™^' ^^ "^^ ^^^^ *"y 

» On the prinoiple of resultant motion, if two ships in an engagement be 
Etiiling before the wind, at equal rates, the aim of the gunners will be 
einotly as though they both stood still. But, if the gunner fire from ft ship 
Bianding still ftt another under sail, or a sportsman firo at a bii'd oa the 
wing, each should take bis aim a little forward of ths miui-k, heosHse the 
ship and the bird irill pass a little forward while the shot is passing to 



ostecbvGoOgIc 



58 NATURAL PHILOSOPHY, 

motion when two of tliem alone, and ascertain the resultant of 
tU ^o'^y'^ '"• those two, and then employ the resultant as a ne'B 
three or more force, in conjunction with the third,* &c. 

What k Cir- 196' CIRCULAR MoxiOK. — Circular Mo- 
cular Motion? ^jq^ ]g motion around a central point. 

,,,, . 197. Circular motion ia caused by the con- 

Wbat causes ' 

Circidar Mo- tinued operation of two forces, by one of whjon 
lion? ^g body is projected forward in a straight 

line, while the other is constantly defecting it towards a 
fixed point. [See No. 184.] 

198. The W'hirling of a ball, fostened to a string held bj the 
band, ia an instance of oircular motion. The ball is urged b^ two 
forces, of which one is the force of projecUon, and the other the 
string which confines it to the hand. The two forces net at right 
angles to each other, and (according to No. 184) the ball will move 
in. the diagonal of a parallelogram. But, as the force which cou- 
Bnes it ta the hand only keeps it within a certain distance, without 
drawing it nearer to the hand, the motion of the ball will be through 
the diagonals of an indefinite number of minute ptirallelograms, 
formed bj every part of the circumference of the circle. 

How many 199- There are tliree different centres which 

centres re- require to be distinctly noticed ; namely, the 
noticed in Me- Centre of Magnitude, the Centre of Gravity, 
chmics? and the Centre of Motion. 

» The vesuIUmt of two forooa is alwaja deaoribad by tho ttiiid side of a 
triangla, of which the tno foroos may bo ccpresentod, iti quitntic; and 
direotiou, by the othct tno sides. Wlien three forees net is the dirostion 
of tlie three eidea of the aaiuo triangle, tho body will remaia ni resi. 

When two forces act at right angles, the resultant nill form the bypaths' 
nose of a right-angled triangle, either of the Bides of whieh may be found, 
when the tno otiiers oi'e givea, bj the oommon ptinoiples of u'itbmetio or 
georastry. 

From what has now boon stated, it will easily bo seen, that if nny nnmbor 
of forces whatever net upon a body, and in any du-eotiouB whatever, the 
resnltant of them all may easily be found, and this resultant will ba their 
meohanioal equivalent. Thus, suppose a bodj he aoled upon at the same 
time by six foivjes, roprosantad by the letters A, B, C, D, B, P. Kist find 
the roanltaut of A and B by the law stated in No. 1S4, and cnll this resultant 
G. Ih the saoie manner, lind the resullant of G and C, calling it H. Then 
find the resultant o6H and D, and thus oontinue until each of the forees ba 
found, and the last resultant will ba the mechanLcaJ cqaiyalent of the whole 



What is ihe 200. The Centre of Magnitude is the central 

Mac'mtude ? poifit of the bulk of a body. 

WluuUthe 201. The Centre of Gravity is the point 

Graaiiyf about ■which all the parts balance each other. 

What is the 202. The Centre of Motion is the point 

Motion? around which all the parts of a body move. 

Wiat is the '^^^- ^^^'^ tlis body is not of a size nor 

Aass of Mo- shape to allow every point to revolve in the 
'"" ■ same plane, the line around which it revolves 

*s called the Axis of Motion.* 

?r7ir%'Z'is 204. The centre or the asia of motion ia 
jf motion re- generally supposed to be at rest. 

205. Thus'the axis of a spinning-top is stationary, while everj 
iitlier part ia ia motion around it. The axis of motion and the 
centre of motion are terms which relate only to circular motioji. 

WhoiareCm- 206. Thg two forces by which circular 

(ml Forces ? motion is produced are called CeH^ra^ Forces. 

Their names are, the Centripetal Force and the .Centrifugal 

Koroe.t 

Wlwi is the ^^"^^ '^^^ Centripetal Force ia that which 

Omtripeial confines a body to the centre aronnd which it 

revolves. 
Whatkths 208. The Centrifugal Force is that which 
Force? " impels the body to fly off from the centre.. 
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WhatfoUoivs 209. If the centrifugal force of a, revolving 
if' the centrip- jjQ^y ]^q destroyed, tlie tody will immediately 
frifagal force approach the centre which attracts it ; hut if 
be destroyed? the centripetal force he destroyed, the body 
will fly off in the direction of a tangent to the curve which 
it describes in its motion.* 

210. TliaB, when a mop filled with water is turned swiftly round 
bv tlie handle, the threads which oompoae the head will fly o£f from 
tao centre; but, being oonflned to it atone end, they cannot part from 
it ; while the water they contain, being unconfined, is thrown off 
in straight lines. 



vith the 

'^'■^ °T^' greatest velocity ; and the velocity of all the 
yartsnioweMiiVA parts diminishta as their distance from the 
the greatest ^^jg ^f motiou diminishea. 
veloatyi 

Exphm 212. Fig. 15 ropreaeEts the vanes of a windmill. 

Fig- 15. The circles denote the paths in which the diffcrcait 

parts of the vanea move, iltl is !he' centre ^^ ^^_ 

or axis of motion around which all the ,, 

parts revolve. The outer part revolves in 

the circle D E F G, another part revolves 

in the circle H I J K, and the inner part in i 

the circle L N P. Oon sequent] y, as they 

all revolve around M in the same time, the 

velocity of the parts which revolve in the 

outer circle is as much greater than the velocity of the parts 

which revolve in the inner circle, L N P, as the diameter of 

the outer circle is greater than the diameter of the inner. 




* The oantrifuga! force is proportioned to tlxe square of tlie vi 


ilodtyofa 


)vlng body. Heaoe, a cord suffioientlj strong to hold a h 


oavj body 


TOlving ai'onod a fixed ceotre at the rata of fifty feat iQ a eee 


ond, would 


juire to have ita strength inoroaaed four-fold, to hold tho B»mB 


bull, ifiti 


looily should be doubled. 
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In ths daily reoolur 213. As the earth revolves round its 
^oimdiUownaxis ^^^s, it follows, from the preceding illus- 
vihat foris of the tratioQ, that the portjons of the earth 
slowly andiahat irhich move most rapidly are nearest to the 
yartsmorfrapid/y 7 equator, and that the nearer any portion 
of the earth is to the poles the slower will be its jnotion. 
What is re- 214. Curvilinear motion requires the action 

to produce ^^ *^° forces ; for the impulse of one single 
carvihTiear force always produces motion in a straight 
motion J and ,. 

What effect _ 215 A hody revolving rapidly around its 
Tigal force on longer axis, if suspended freely, will gradually 
a body reoolv- change the direction of its motion, and revolve 
ing around its j '^ i, i 

longer axis ' around its shorter axis. 

This is due to the centrifugal force, whicli, irapelliag the part? 
from the centre of motion, oauaes the moat diatant parts to revolve 
in a, larger circle.* 

* Thia law ia beautifully illustrated by a simple apparatua, in which a 
hook is made to revolve rapidly by means of multiplying wheals. Let au 
oblate spheroid, a doable oooe, nt any other aolid having unequal mes, be 
suspended from tha hook by means of a fieiibls oorf aMoohed to the ex- 
tremity of the longer aiia. If, now, it bo oonsed rapidly to rarolve, it will 
immediately oiango its asis of motion, and revolve around the ahorter aiis. 

The oiperiment will be doubly interesting if an endless ohain be en!- 
pended from the hooit, instead of a spheroid. So soon as tliB hook with the 
ohain suspended is caused to revolve, the aides of the ohain are thrown out- 
ward bj the centrifugal force, until n oompleto ring is formed, and then the 
ciroular chain will commence rovolving horisontally. Thia ia a beaatifn] 
illustration of the effects of the centrifugal force. An apparatus, with a 
ohain and six bodies of dlfi^rent form, prepared to be attached to the multi- 
plying wheels in the manner desoribedi aoeompanies most sets of philo- 
sophical apparatus. 

Attached to the same apparatus is a thjn hoop of braaa, prepared for con- 
nexion with the multiplying wheela. The hoop ia made rapidly to revolve 
around a vertical aiia, looao at the top and aecured below. So soon aa the 
hoop begins to revolve rapidly, the huriioatsl diameter of the ring hegins 
to iucreaae and the vertical diameter to diminish, thus ezhibiting the 
manner in which the equatorial diameter of a revoiving body is lengthened, 
and the polar diameter is shoilened, by n " ' . ■- . ~ 
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What is Pro- 216. Pkojectilbs. — Projectilea is a branch 
jectiks ! jf Mechanics which treats of the motion of 

bodies thrown or driven by an impelling force above the 
surfiice of the earth, 

Wkatisa 217- A Projectile ia a body thrown into the 

Projeciik? ^ir, — aa a rocket, a ball from a gun, or a 
stone from the hand. 

The force of gravity and the resistaiioe of the 

j^tikTJi^ed air cause projectiles to form a curve both in their 

in their mo- ascent and descent ; and, in descending, their 

motion ia gradually changed from an oblique 

towards a perpendicular direction. 

Esmlain 218. lu Fig. 16 the force of projection would carry 
Fig. 16, a ball from A to D, while gravity would bring it to 
0. If these two forces alone prevailed, the „ 

ball would proceed iu the dotted line to B. -^ t:?9-a 

But, as the resistance of the air operates in y^' 1 

direct opposition to the force of projection, ../ 

instead of reaching the ground at B, the ball b "^ 

will fall Bomewhere about E.* 

What is the 219. When a body is thrown sik-it. 

coia-seofa in a horizontal direction, or up- ^'""X 

'^bUq^^^na "^"^^^ ^^ ^™°wa"-'5s, oiliqzieljj, its / \ 

horizontal course will be in the direction of / I 

direction.? a curve-line, called a parabola^ ^° 

more Btrlking, as is the oass vritlr'tiia planet Jnpiter, -whose figure ia nearly 
that of an oblnte spheroid. 

The developments of Geoloaj havB led Bomo writers to the theory that 
the earth, during one period of its history, must hare had a differont.aiia 
of motion ; but it will be eioeedingly diffloull to reoonoile such a theory to 
UiB iaw of rottttiona whioh bus now been explained, agpeoially as a much 
more rational exptanatioa oan bo given to the phenomena on which the 
theory nas built. 

• It is caloulftted that the reaiatanaa of the air to a cannon-ball of fwo 
pounds' weight, with the voloeity of two thousand feet in a second, is moro 
ILbK equlvaleot to sixty times tho weight of the bail. 

t The soieuce vC gunner!/ is founded upon tho laws relating lu projootilee. 
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(see Tit, 1") but whea it is thrown pe pfi dindarly upwarcU 
01 dowQwajJs it will move peipendicilailj because tho fuice 
of I rojection and that of grayitj are m (he same line of 

The foroo of gunpowder a n ournteiy aao ia nod and oal lat om are 

t pa a such a maonor as to cause the &,11 of the ia t or slielh n the e y 

axpanditare of ammunition, whioh would otherwise be idly wasted, withont 
produoing any effect. In iittaoks upon towns and [ortifioationB, the skilful 
engineer knoBB (lie means ie has in hia power, and can calculate, with 
groat precision, their eSeots. It ia in this way that the art cf war has been 
clei-atcd into a. seienee, and much ia made to depend upon skill which, 
previons to the knowledge of these prinoiplea, depended entirely upon 
pliysioal power. 

The force with which balls are thrown hy gunpowder is measured by an 
iEstrumont called the SidXulit, prnduii™. It oonsiBts of a large block of 
wood, suapeniled by a rod in the lOftnner of a penflnlnm. Into this block 
the balls are fired, and to it they oomnmnicate their own motion. Kow, 
the weight of the blook and that of the ball beina known, and the motion 
or velocity of the block being determined bj maohlnery or by observalion, 
the elements ai'e obtained by whioh the velocity of the ball may be found ; 
iorlhewdghtitflhebatiisiiilkewdg/ilBflheMoclcastie iielocily of Ike bloch is 
In the vdtdiy of the ball. By this simple apparatus many facta relative to 
the art of gonnery may bo ascertained. If the ball be fired from the aame 
gun, at dilferent dlBtauces, it will be seen bow much resistance the atmo' 
sphere opposes to its force at Each distonoea. BiSes and guns of smooth 
bores may be tested, as wall as the various ohorgea of powder best adapted 
to different diatancas and different guns. These, and a great variety cf 

The velocity of balls impelled by gunpowder from a mosket with a 
lominon charge has been estimated at about 1650 feet in a second of time, 
when firat diaebarged. The ntmoal velocity Wiat can be given to a cannon- 
ball is 2000 feet per second, and this only at the moment of ita leaving the 

In order to increase the velocity from 1660 to 2000 feet, one-half more 
powder is required ; and even then, at a long shot, no advantage is gained, 
sines, at the distance of 600 yards, the greatest Telocity that can be ob- 
tained is only 1200 or ISOO teat por seoond. Great charges of powder are, 
therefore, not only useless, but dangerous ; for, though they give little 
additional force to the haU, Uiey bayard the lives of many by their liability 
to barat the gun. 

KspBrimant has also ebown tliat, although long guns give a greater 
velocity to the shot than short ones, still that, on tha whole, short oobe are 
preferable ; and, accordingly, armed ships are now almost invariably 
JiitDiBbad with short guns, called carronadea. 

The lengUi of spoi-ting guna has also been greatly reduced of late years. 
Formerly, the barrels were from four to six feet la length ; but the boat 
fowling-pieoes of the present day have barrels of two feet or two and a half 
only in length. Suns of about this length are now universally employed 
for such game aa woodcooks, partridges, grouse, and snob birds as are taken 
on the wing, with the eiceptious of ducks and wild geese, which rcquiro 
louger and heavier guna 
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Tnat fora^ 220. A ball thrown in a horizontal direction 
effect a hor- 
izontal pro- is influenced by tliree forces ; namely, first, the 

^'^^t^ff"fd ^'^'"''^ °^ projection (which gives it a horinontal 
they produce? direction) ; second, the resistaneo of the air 
through which it passes, which diminishes its velocity, with- 
out changing its direction ; and third, the fores of gravity, 
which' finally brings it to the ground. 
How is the 
ermritv af- 221. The force of gravity ia neither increased 



Explain 222. Fig. 18 n 

"S- ■L*'- cannon, lo'ided with a ball 

and placed on the t [ of a tower at 

aueh a height as to e ^ e ju t ti ee 

Bccondsfor anotherb 1 to d e dpe 

pendicularly. Now po e the ca 

non to be fired in a lio zon il 1 ee 

tion, and at tie same in&tdnt the othei ball to be dropped towards 

the ground, Tkey will both reach the toriaontal line at the 

base of the tower at the same instant. In this figure 

a represents tlie perpendicular line of tie falling ball. C J is 

the curvilinear path of the projected ball, 3 the horizontal line 

at the baae of the tower. During the first second of time, the 

falling ball reaches 1, the next second 2, and at tho end of the 

* The aotitpo of gravity being always the samo, the ?Lnpe of the uuree of 
every projeetHe de'penda on the velocity of its motion i but, whatever this 
velocity be, the moving body, if thrown horizontally from tho same eleva- 
tiot), will reach the ground at the same instant, Tkua, a, hall from a cannon, 
with a charge samoiont to throw It half a milo, will reach the grmind at tho 
same instant of time that It would had the obarge heon suHioient to throw it 
one, two, or sii niilee, from the same elevalaon. Tho distance to whioh a 
ball will be projected will depend entirely on the foroe with whioh it is 
thrown, or on the velocity of ila motion, ij it moveB slowly, the diatancB 
will ha short ; if more rapidly, the apace passed over in tie same time 
will be greater ; but in both oases tfaedeeoont of the ball towards the earth, 
in tho Eimo time, will be the samo number of feot, whether it moves fast or 
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ihird second it strikes the ground. Moaatime, that projected 
from the cannon muvea fnnvard with such velocity as to reach 
4 at the same time that the felling ball raathes 1. But the 
projected ball falls downwards exactly as fast as thu other, since 
it meets the line 1 4, which is parallel to the horizon, at the same 
iastaut. During the next second the ball from the cannon 
reaches 5, while the other falls to 2, both having an equal de- 
scent. During the third second the projected ball will have 
spent nearly its whole force, and therefore its downward motion 
will be greater, while the motion forward will be less than before, 

What effect 223, Hence it appears that the horizontal 
has the pro- ^notion does not interfere with the action of 
on gravity! gi'avity, but that a projectile descends with 
the same rapidity while moving forward that it woidd 
if it were acted on by gravity alone. This is the neces- 
sary result of the action of two forcea. 

Wliat is /he 224. The Eandom of a projeotile is the horizontal 
Random of a ,, „ , , . . ■ ,, j. .■ 

projectile 1 distance from the place whence it is tnrowu to ttie 

place where it strikes. 

At what angle 225. The greatest random takes place at an 
tTrlniT' *"e^^ °f *5 degrees; that is, when a gun is 
take place ? pointed at this angle with the horizon, the ball is 
thrown to the greatest distance. 

What mil be Let Fig. 19 repri^ent a gan or ^'S- 19- 

w/£*l f " a carronade, fi-om which a hall BO 
al any angle is thrown at an angle of 45 de- 
Biove 45 de- g^ees with the horizon. If 
the ball be thrown at any angle 
above 45 degrees, the random will be the same 
as it would be at the same number of degrees below 45 degr 

* A knowledge of th^a fast, xaS. caloulations prcdicatoa on it, enobl 
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What is tht. 226. Centkb OP Gravity. — It 1 

centre of jjeen stated [see Nos. 109 & 110] that the 

Gravity of a '- 

body? Centre of Gravity of a body is the point 

around which all the parts balance each other. It is, i 

other words, the centre of the weight of a body. 



Magnitude ? point of the bulic of a body. 

Where is the 228. When a body is of uniform density, the 

cmire of centre of gravity is in the same point with the 
graoily of a o j r 

body? centre of magnitude. But when one part of the 

body is composed of heavier material? than another part, the 
centre of gravity (being the centre of the weight of the body) 
no longer corresponds with the centre of magnitude. 

Thus the centre of gravity of a cylicder plngged witli lead ia not 
in the same point as the centre of mi^nitude. 

If a hod J he compoaed of different materials, not united in chemical 
conihination , the centre of gravity will not correspond with the centra 
of magnitude, unless all the materials have the same spocifio gravity. 

When loitt a 229. When the centre of gravity of a body is 
body stand, supported, the body itself will be supported; 
Ufatl? but when the centre of gravity is unsupported, 

the body will fall,* 

?^^^nii^ 230. A line drawn from the centre of grav- 
(ton.? ity, perpendicularly to the horizon, is called 

the Line of Direction. 

231. The line of direction is merely a line indicating the path 
which the centre of gravity would descrihe, if the body were per- 
mitted to fall freely. 
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niten will a 232. Wken tlie lino of direction falls within 

body stand, the base * of any l)ody, the body will stand ; but 

andwhsnwlll , . «„ ■ i r. i i . 

itfaU? when that line falls outside ot the base, the 

body will fall, or be overset. 
Explain 233. (1.) li'ig- 21 represents a loaded 
^'S- ^^- wagon on the declivity of a till. The 
line F represents a horizontal lice, J> IS the base 
of the wagon. If the wagon be loaded in such a 
manner that the centre of gravity be at B, the per- 
pendicular B D will fall within the base, and the wagon will 
Btaud. But if the load be altered so that the centre of gravity 
be raised to A, tiie perpendicular A C will fall outside of the 
base, and the wagon will be overset. From this it follows that 
a wagon, or aay carriage, will be most firmly supported when 
the line of direction of the centre of gravity falls exactly between 
the wheels; and that is the case on a level road. The centre of 
gravity in the human body ia between the hips, and. the base ia 
the feet. 

234. So loag as we staniJ uprightly, the line of direction falls 
within this base. Whea we lean on one side, the centre of gravity 
not being supported, we no longer stand firmly. 
Mow does a 235. A rope-dancer performs all his feats of agil- 
rope-dancer -j.^ j^^ iJesterously supporting the centre of griivity. 
feats of agil- For this purpose, he carries a heavy pole in his 
'^' hands, which he shifts from side to side as he alters 

his position, in order to throw the weight to the aide which is 
deficient ; and thus, in changing the situation of the centre of 
gravity, he keeps the line of direction within the base, and he 
will not fall.t 

ota body stiuidiiig on wIieelB or Icga ia represented by "^ ~ 

to the lowest part of the other wheel or lag. 

Tbas, in Kga. iO and 31, D B repreaenta th 
the wagon and of tha table. 

t The shepherds in tha south of France afioru au iiii,<^iu^Li..g iMn<,iui<i« ii 
the applioation of the art of balanoing to the oonimOH husinesa of life. 
Xhese men nalk on Btilte team three to four feeb high, and their children. 
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236. A aplierical body -Bill roll down a alope, because tlie oeatro 
of gravity is not supported.* 

237. Bodies, consisting of but one kind of substance, as wood, 
stoue or lead, and whose densities are consequently uniform, will 
stand more firmly than bodies composed of a variety of substances, 
of diSerent densities, because the centre of gravity io such oases 
more nearly con'esponds with the centre of mitgnitude. 

238. When a body is composed of diflerent materials, it will 
stand most firmly when the parts whose specific gravity is the 
greatest are placed nearest to the base. 

men will a 339^ rpj^g ^j.^^^^. tj^g base and the nearer 
body stand 

most firmly? tlie centre of gravity to the ground, the more 
firmly a body will stand. 



For this r 



1, high < 



A pyramid also, for the same 
I'ig. 22. 



e danger 

the &mest of all 




odd additiuDH to tba kngth of the leg, their feet are kept out of t 
or the heated saai, and they ire nl»o enabled to see their sheep at a 
dlstanee. The? nae tliese Etiltenlth gioat ekiU and oare, andr 



andet 






A cylioder can be made to roll up a, slope, by plugging one side ef it 
with lead ; the body being no longer of a, uniform density, the osntre of 
gravity is removed from the middle of the body to some point in the lend 
as that substanoe is much heavier than nood. Noir, In order that the oyl 
ioder may roll down the plane, as it is here situated, (he centre of gravitj 
must rise, trhioh U impossible ; the oentre of gravity most always deseeni} 
in moving, nnd will descend by the nearest and readiest means, irbicb will 
be by fotelng the cylinder up the slope, until the centre of gravity is sup 
ported, nud then it stops. 

A body also in the shape of two oonos nnJted at their bases can bo mads 
to roll np an inolined plane formed by two bars with .their lower enda 
inclined towards eaoh other. This is illustrated by a simple oontrivanoe in 
the " Boston School Set, " and the faot illusti-atod is called " the mschanii:aS 



easily than 



242. A cone lias also the same stability ; but, mathematioaily 
oonsidared, a cons la a pyramid with an infinite number of sides. 

243. Bodies that have a nnrrow base are easily overset, beeanae, 
if they are but slightly inclined, the line of direetion will fall out- 
side of the base, and oonsequenfly their centre of gravity will not be 
supported. 

y eon a 244., Apersoticancanytwopaiisof water more 
two path of easily thaa one, because the paila balance each 
other, and the eeatre of gravity remains supported 
by the feet. But a single pail throws the centre 
of gravity on one side, and rendei's it niore difficult to support 
Bie body. 

Where is the 245. Common Cbntrb qw Gravity of two 
it '' r z?*^""" -Bodies. — When two bodies are connected, they 
bodies connect' are to be considered as forming but one body, and 
ed together? have but one centre of gravity. If the two bodies 
be of equal weight, the centre of gravity will be in the middle 
of the line which unites them. But, if one be heavier than the 
other, tho centre of gravity will be as much nearer to the heavier 
one as the heavier exceeds the light one in weight. 

F^ures 23 ^'^^- ^^- ^^ represents a 
24, and 25. bar witi. an equal weight fast- 
ened at each end ; the centre of gravity is 
at A, the middle of the bar, and whatevei- supports this centre 
win support both the bodies and the pole. 

247. Fig. 24 represents a bar with an ^k- 2i. 
unequal weight at each end. The centre of ^& ''jS ^^ 
gravity is at 0, neaici to the lirger body ^^vf "^^y 

248. Pig. 25 represents a bai with un ^'« ^ 
equal weights at each end, but the lar^^or ,^"\^\ iv- 
weight es.ceeds the Ipss in such a degiee '==^7^ * 
that the centre of grtvify i^ within the '^^ 

larger body at C.* 

» Thero are no laiTS 
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Whatthings 249, The Mechanical Powees.— There 

111 Meclumics . 

require dis- are five things in mechatiies which require a 

tina consid- ^[jajjiict consideration, namely : 

First, the power that acts. 

Secondly, the reaistance which is to he overcome by tlio 
power. 

Thirdly, the centre of inotioa, or, as it is sometimes 
calledj the fulcrum,* 

Pourthly, the respective velocities of the power and the 
resistance; and, 

the expunse of universBil emptineas, oalling mnttor into existimco, and anb 
jaoting it to theao laws. Obedient Co tbe yojoe of its Creator, matter sprang 
ftom " primeval notliingness, " ani, in atomio embryos, prspared to olaator 
into Booial uniona. Spread abroad in the unbounded fielda of space, eaoh 
partiole felt that it was " not good to be alone. " Invested with tha social 
power, it aought eompiinionahip. The attractive poner, thuadoubled by tbe 
aaion, eompelled the aurrounding pEirtloles to join in oloee embraee, aod 
thus nere worlds created. Lauoohed into regions of unbound space, tha 
new-oreated worlda found that thair union was but a part of a great social 
ajstom ot law ttod urder. Their bounds were set. A central point oontroia 
the Universe, and in harraonionB revolution aronnd this central point for 
ages have they rolled. Nor can one lanleaa partiole escape. The sleepless 
eye of Nature's law, Ticegerent of its ded, secntelj binds them all. 
^^ Could but one sniaU, fCbplUous fbtom Btt&j^ 
Katura its&lf would hasten to decay.^ 

With this sublime view of Oreation, hen eau we escape the conclusion 
that the vary axiaCenoa of a fau>' neoeasarily implies a Law-givar, and that 
Law-giver must bo the Creator 1 Shall we not then say, with tha Paalmiat, 
" It is the FOOL who hath said in hia hanrt that there is no Qod " T 

Who, then, will not see and admire tha beautiful language of Mr. Alison, 
while hia heart hvtaa with the rapture and gratitude which the sentiments 
are so well fitted to kindle : 

" When, in iJie youth of Mosoa, ' the Lord appeared to him in Horob,' a 
voice was heard, aayiug, • Draw nigh hither, and put off thy shoes from off 
thy feet, for the place where thou standest la holy ground.' It ia with snoh 
a reverential awe that every great or elevated mind will approach to the 
study of nature, and with sui£ feelings of adoration and gratitude that he 
will receive the illumination that gradually opens upon his soul." 

" It is not the lifeless maaa of matter, he will then feel, that he is eiam- 
ining ; it ta the mighty maohine of Eternal Wisdom, — tha workmunahip of 
Him ' in whom everything lives, and moTCS, and ha« its being.' Under 
an aspect of this kind, itislmpo^ble to pursue knowledge without mingling 
with it the most elevated sendmeuts of devotion ; — it is impossible to par- 
oeive the laws of nature without peroeiving, at tlie same time, the preaenoo 
and the providence of the Law-giver : — and thna it is that, in every age, 
theeviclencas of religion have advanced with tbe progress of true nhilosonhY i 
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Fifthly, the instruments employed in the construction of 
the macliine. 

250. (1.) The power that acta is the muBoular Btrengdi of mea 
or animals, the weight aad momentum of solid bodies, the elaatio 
Ibroe of steam, springs, the pressure of the air, the weight of 
water and its force when in motion, &o. 

(2.) The resistance to be overcome is the attraction of gravity 
or of cohesion, the inertness of matter, friction, &c. 

(3.) The centre of motion, or the fulcrum, is the point about 
which all the parts of the body move. 

(4.) The velocity is the rapidity with which an effect is pro- 
duced. 

(5.) The instruments are tie mechanical powers which enter 
into the construction of the machine. 

251. The powers which enter into the construc- 
the Me- struction of a machine are called the Mechanical 
chankdl Powers. They are contrivancea designed to in- 
crease or to diminish force, or to alter its direction. 
W%n( w 252. All the Mechanical Powers are constructed 
dam^id "^"^ ^^ principle that tohat is gained in power is 
principle lost in time. This is the fundamental law of 

qr Me- ■.„ , 

c/umici? Mechanics. 

263. If 1 lb. is required to overcome the resistance of 3 lbs., 
file 1 lb. must move over two feet in the same time that the 
resistance takes to move over one. Hence the resistance will move 
only half as fast as the powr - or in other words, the resistance 
requires double the time roqmrod by the power to move over a given 
space. 
Explain 254. Fig. 26 illustrates the piinciple as applied to the 

^ lover. W n.piesent8 theweght Pi^. 26. 

F the fulcrum, P the power and the bir 
"WPP the lever. To r^iise the weight W 
to 10, the power P mu t descend to p Eut 
as the radius of thi, en le in whiUi the \ 
power P moves is doul le that of the r 1 1 
of the circle in which the wught W mm 
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tlie arc P p is double the arc "W m; or, in other words, the dia- 
tauoe P i* 13 double tho distance of W w. Now, as these dis- 
tances are traversed in the same time by the power and the 
weight respcctiyelj, it follows that the yelocity of tho power 
must be double the velocity of the weight ; that is, the power 
must move at the ratfi of two feet ia a second, in order to move 
the weight one foot in the same time. 

This principle applies not only to the lever, but to all the 
Mechanical Powers, and to all machines constructed on me ■ 
chanical principles. 

iifoui monv Me- 255. There are sis Mechanical Powers : 
are there and ^^ Lever, the Wheel and Axle, the Pulley, 
their jmmes ? the Inclined Plane, the Wedge and the Screw, 

or mors of the Meohanioal Ponera. 

All tbe Mechanical Powers miiy be reduced to throe olusaes, namel; : 
Ist, a body revolving oo an axis ; 23, a flexible oord ; and, Sd, on iaclined 
Bnrfaoe, smooth and hard. To tho first belongs the Icvor, and the wheel 
lied, ths iacllned plane, Iba 

What is the 256, The Lever is an inflexible bar, mova- 
Lewr.iaidhov) ,, - , 

is a used t blo on a fulcrum or prop. 

It ia used by making one part to rest on. a fulcrum, applying the 
power to bear on another part, while a third part of the ieve)! 
opposes its motion to tho resistance which ia to be overcome. 

257. Ia every lever, therefore, whatever be its form, there afe 
three tbings to be distinctly considered, namely : tbe posilioii of tbe 
fulcrum, (rf the power, and of the weight, rsspeotively. It is the 

Eosilion of these which makea the diatinction between tho dificrent 
inds of levera. 

SownumyUndi 258. There are three kinds of levers, 
Dj levers are _ ' 

there J called the first, second and third, according 

to the respective position of the fulcrum, the power, and 
the weight. 

These' may ba represented thus : 

Power, Fulcrum, Weight. 

Power, Weight, PQloram, 

Weight, Power, Pulcruui. 
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What is th£ That is, (1.) The power* is at one end, the 

vower the ' ^^^S''^* ** '^^ other, and the fulcrum between them. 

weight, and (2.) Power at one end, the fulcrum at the 

"^l^TT'- °^^^' ^"^ *^ weight between them. 

Ihe ikrse Hinds {^) The weight is at one end, the fiilcrum at 

u/" lever J the other, and the power between them. 

Describea lever 259. In a leyer of the first kind the fulcrum 

^I'fi r' 27 is placed between the power and the weight. 

and tell Ihe ad- I'ig- 27 represents a lever of the first kind, 

vantage gained restinn ou the fiilcrum 

hyit. „ % ., r^-ai. 
b\ and moYable upon 

it. W is the weight to be moved, and " ^ 
P is the power which moves it. The 
advantage gained in raising a weight, 
hy the use of this kind of lever, is in 
proportion as the distance of the power from the fulrrum, exceeds 
tfiat of the weight from the fulcrum. Thus, in this figure, if 
the distance between P and F be double that between W and 
F, then a man, by ihe exertion of a force of 100 pounds with 
the lever, can move a weight of 200 pounds. From this it fol- 
lows that the nearer the power is apjdied to the end of the lever, 
the greater is the advantage gained. Thua, a greater weight 
can be moved by the same power when applied at B thaa when 
it is exerted at P. 

On mkat prin- 260. The common steelyard, an instrument for 
cipieisthecom- ^^{^[^g articles, ia constructed on the principle 
constructed? of the lever of the first kind. It consists of ft 

Describe the roA or bar, marked with notches to designate the 
" ' pounds and ounces, and a weight, which ia mova- 

• It is 
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ble along the noteiies. The bar is furnished with three hooka, 
on the longest of whidt the article to he weighed is always to be 
Itung. The otker two hooka serve for the handle of the inatru 

?ig.Be. 




ment when in use. The pivot of each of these two hooks serves 
for the fuloruin. 

261. When suspended by the hook 0, aa in Fig. 
are Ikfih^ ^^' ^* '^ manifest that a pound weight at E will 
hooU in the balance as many pounds at W as the distance be- 
stetlyard? ^^fi^tin the pivot of D and the pivot of is con- 
tained in the space between the pivot of C and the ring from 
which E is suspended. 

The same instrument may be used to weigh heavy articles, 
by nsing the middle hook for a handle, where, as will be seen 
in Fig. 29, the space between the pivot of E (which in this 
case is the fulcrum) and the pivot of D {from which the weight 
is suspended) being lessened, is contained a greater number of 
times in the distance between the fulcrum and the notches on 
the bar. The steelyard is furnished with two sets of notches ott 
opposite sides of the bar. An equilibrium * will always be 



• Of Equilibnum. — In tli8 enloultttlons of the p 
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produueJ when the product of the weights on the opposite sides 
of the fulcram into their respective distances from it are equal 
to one another. 




A balance, or pair of scales, is a lever of the first kind, with 
equal arms. Steelyards, scissora, pincers, snuffers, and a poker 
used for stirring the fire, are all layers of the first kind. The 
longer the handles of scissors, pincers, &c., and the shorter the 
points, the more easily are they used. 



diftdrent mitenals 
mechanical operation 

ueoes'urj to bene olearlj in mind the differenc 
II mm 
1\ eiuihbriuin is maaot ao equaJitj of fore 



I forcoB moroly coanterbfllanoo each other. To 
nst be inequality in Cbe oondition of one of tbe 
IB pound on ths longer arm of a lever wiil bai- 
b on tbe shorter arm, if the distance of the 
<xactl7 double the diataiiae of the ireight from 
ju why they exftotly balance is, because their 
jtion can be produoed or destroyed without a 
a and the reuistanoa. In calculating the me- 
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machinery. 

263. When two ■weiahts ara equal, and the fulcrum ia placed 
eiaetlj in the centre oi the lerer between them, they will mutually 
balance each other; or, in other worda, tlie confjv) of gravitj being 
supported, noithor of the weights will sink. This is the principle 
of the common scale for wuighing. 

Hoic is power 264. To gain power by the uae of the 
u^'ofi/^ lever, the fulcrum muat bo placed near the 
lei-er' weight to be moved, and the power at the 

greater dista'ncB from it. The force of the levei\ there- 
fore, depends on iis length, together with the power 
applied, U7id the distance of the weight from the ful- 



Whatisa 265. A Com- 

Comfoiini pound Lever, rep- 



1 of the other. Great 
I limited to a 



30, consists of seveial lovers, 

so arranged thj,t the shorti 

arm of one may act on the longer ai 

power 13 obtained m thia way, but its 

very small space 

Describe the 266. In a levor of the second kind, the ful- 

'»K«- o/;Ae JM- ^j,jjj^ -g j^j pjjg gji^^ jjjg pQ^g,, at the other, and 
Fig. 31. the weight between them. 

(1.) Let Eig. 31 represent a lever of the second kind. V is 
the fulcrum, P the power, and W the weight. r^.si. 

The advantage gained by a lever of this k 

in proportion as the distance of the power from j _^_, 

the fulcrum exceeds that of the weight from the j 



ful( 



Thus, ■ 



this figure, if the distance 



jing the oase, it is evident that tho shape of tie li 
J power, whether it be atnaght or berU. The direct disi 
end the weight, oompared with the si 



the iveiehl 
power, bei 



ig the oalj measure of the meehanioal advaalaga 
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from P to F is four times the distance from W to F, then a 
power of one pound at P will balance a weight of four pounds 
atW. 

(2.) On the principle of this kind of lever, two poraons, carejina 
a beiiTj burden euspended on a b^, may be made to bear unequiil 
portions of it; bj placing it nearer to the one than the other. 

267 Two horses also may be made to draw une((uil portions of 
a load by dividmg the bir attached to the carnage m such a 
manner that the weaker horae miy dr^w upon the longer end of it 

3&8 Oira ruddera of 
ships, doors turning on 
hinges, and cutting kmTes [S j^ftjiiia ; 
which are fixed at one e ' ^^ 
are oonstiucted ujon 
principle jf le\ers of the 

Describe the 25"! In a, leici Df tlii. third kind the fulcrum 

'^dttdby "^ ^^ °™ ^°'^' ^'^'^ '"'^'fe'^' ^' ^^° "^^^^ ^"'^ *^« 
Fig 33 power v^ applied between fhera 

In levers of this kind the potter must aheayt exceed the 
weight in the same proportion at the distance of the weight 
frffm the fulaunt exceeds that of the power from thejidcrum 

In Fig 33 E IS tbe fulcium W the weight j,,. ^j 

and P the power between the fulcrum and the 
we ght and the power must exceed the weight 
m the same pcportion that the distance 1"ctwo(,n 
W anl F esree!'. the diotinoe between P 
andl * 

270. A ladder, which is to be raised by the strength of a man'a 
arms, represents a lever of this kind, where the fulcrum is that end 
which is fised a^inst the wall ; the weight mav be considered as 
of ti.Q f^p pajt ot the ladder, and the power is the strength applied 



n. ITie b( 



e bones of a man's arm, and most of the movable b 
of animals, are levers of the third kind. But the loss of powf 
limbs of animals is compensated by the beauty and compactnce 

* It is on the aama prinoiplB that, in raising a window, the tand e1 
be applied to the middle of the eaah, as it wOl than be eaailf rai 
whereaa, if the hand be applied nearer to one side than the other 
ooQtte of gravity being unaupported. Will eause the further aide to 
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Ihe limbs, as wall as the increased Telocity of tlioir motion. Tha 
wheels in olook aod watch work, and in Tarious kinds of machinery, 
may be conaidirei aa levers of this kind, when the power that 
moves theui acta on the pinion, near the centre of motion, and the 
resistance to bo overcome acta on the teeth at the oireumfererce. 
Kut here the advantage gained is tlio change of slow into rapid 



(1.) Suppose a lever, 6 feet In lengtb, to be applied to Hdee 8 welglit of 60 poDads, 
wiih & power of onlj 1 pound, where must the fnlomm be placed? A«s. 1.41 in. + 

(2.) If a man wishes to move a stone neighing a. ton with a orow-liac 
6 feet in length, he himself befog able, wttll bis natural strength, to move a 
weight of 100 pounds only, what must be the greatest distance of the fu!- 
ormn from the stono 1 ^b». 8,4B to. + 

(3,) If the distELooe of the power from tba fulcrum be eighteen times 

freater fhoD the distance of the weight from the fulcrum, what power would 
a required to lift a weight of 1000 pounds » Afis. M.CS lb. + 

(i.) If tho distanoo of the weight from the fulorum bo only a tenth of 
the distanoo of tho power from the fulorum, what weight oan be raised by a 
power of no ponods 1 Am. 1100 lb. 

(&.) la a pair of steelyards the distance between the hook on nbieb tho 
weight is bung and the book by which the instrument is suspended is 2 
inches ; tho length of the steelyards is JO inches. How great a weight may 
be suspended on the hook to balanoe a weight of 2 pounds at the estremity 
of the longer arm 1 — Am. as lb. 

(6.) Arohimedea boasted that, if he could hare a plane to stand upon, he 
Ecnid move the whole earth. How, suppose that he had a fulcrum with a 
leser, and. that his weight, compared with that of the earth, was as 1 to 
SW millions. Suppose, also, that the fblorura wara a thoosaud miles IVom 
the earth; what must be his distance from the Hilorum? 

All. 270,000,000,000 mi. 

(T.) Which will out the more easily, a pair of Jioisaois 9 inohes long, 
with tho livet 5 inches from the points, or a pair of eoiesors 6 inehes long, 
with the rivet i inches from the points 1 Ans. The first. 

(8.) Two persons, of unequal strength, aarrj a weight of 200 pounds 
suspended from a pole 10 feet long. One of them can oarry only 75 pounds, 
the other must carry the rest of the height. How fiir from tho end of the 
pole must the weight bo suspended t Ana. B.l&fl, 

(3.) How must tho whiffle-tree* of a eurriage be attached, that one horse 
m»y draw but S owt. of the loud, while the other draws 6 cwt. 1 Aaa. At j. 

(10.) On the end of a steelyard, 3 feet long, hangs a weight of 1 pounds. 
Suppose the hoo^, to which articles to be weighed are attached, to be at 
the eiCremity of the other end, at the distance of 4 inches from tho hook 

by tho steelyard 1 Ans. SK lb. 

What is the 273. The Wheel and Axle. — The 

Axlel ™ Wheel and Axle consists of a cylinder witli a 
wheel attached, both revolving around the same axis of motion. 

* The nhiffle-tree is generally attached to a carriage by a hook or 
leather band in. Ike ctmre, so that tlie draft shali be equal on both sides 
The hook or leather band thus beoomcj a JHilorum. 
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wei^a^pl d °^ " ^°"^^ around the cylinder; the power ia 
lo ike hepl app! ed to another rope or otaiQ wound around 
and ax! thQ umference of the cylinder. Sometimes 

projecting spokes from the wheel supply the place of the chain,* 
275. The plaea of the cylinder is sometimes supplied by a small 

Explain lite 276. The wheel and asle, thongH made in 

'ilT '^k'^ l""^ d M^ny forms, will easily be understood by in- 
o^/e by Fig. Speoting Figs. ^ 

34- 34 and 35. In 

Fig. 34 P represents the larger 
wheel, where the power is ap- 
plied ; C the smaller wheel, or 
cylinder, which is the asle ; 
and W the weight to be raised. 
What is the The advantage 
admnlage ™;„g^ ^ ^-^ 

gamed by the 

u.,e of the wheel proportion a.', 
and axh ? the circumfer- 

ence of the wheel is greater 
than that of the axle. That 
ia, if the circumference of the wheel be six times the circura- 
foronco of the axle, then a power of one pound applied at the 
wheel will balance a power of six pounds on the asle. 
How does the 277. Some- 

wkael and axle times the asle 
described in ■ i j. j 

t-ig.'i'^ differ ^^ constructed 
from that de- with a winch or 
scribed in Fig. handle, 33 in 
■ Fig. 35, and 

sometimes the wheel has pro- 
jecting spokes, as in Fig. 34. 

■, with 6] 





so NATURAL PHILOSOPHY. 

« I , - 278. Tte principle upon wbioh tto wheel and 

On V!Mt pnn- r r r 

dple is the axle la constmoted is the same with that of the 
wheel and axle other Mechanical Powers, the want of power 
being compensated by velocity. It is evident 
(from the Pigs. 34- and 35} that the velocity of the oiroum- 
ferenee of the wheel is a& much greater than that of the axle as 
it ia further from. the centre of motion ; for ihe wheel describes 
a great circle in the same time that the axle describes a small 
one i therefore the power is increased in the same proportion as 
the eiroumferenec of the wheel is greater than that of the axle. 
If the velocity of the wheel bo twelve times greater than that 
of the axle, a power of one pound on the wheel will support a 
weight of twelve pounds on the axle. 

279. The wheel and asle are sometimes called " the perpetual 
leeer^" the diajneter of the wheel representing the longer arm, the 
diameter of the axle representing the shorter arm, the fulcrum 
being at the common centre . 

280. The capstan,' on hoard of ships and other vessels, is con 
struoted on the principle of the wheel and axle. It consists of an 
axle placed uprightly, with a head i>r drum, pierced with holes for 
the lever, or levers, which supply the place of the wheel. 

2S1. Windmills, lathes, the common windlass, used for drawing 
water from wells, and the lai^ wheels in mills, are all constructed 
on the ^incipla of the wheel and axle . 

282. Wheels are a very essential part to most machines. They 
are applied in diflerent ways, but, when affixed to the axle, their 
mechanical power is always in the ss,mo proportion ; that is, as 
the oiroumferenca of the wheel exceeds that of the axle, so mach 
will the power be increased. Therefore, the lai^r the wheel, and 
the smaller the axle, the greater will be the power obtained. 

™i^ 283. Cbabks. — Cranks are sometimes oou- 

Cranks, and nected with the axle of a wheel, either to give or 
htm are ikey to receive its motion. Thoy are 
"'" ' made by bending the axle in auch a 

manner aa to form four right angles facing in dif- 
ferent directions, as is represented in Pig. 36. 
They are, in fact, nothing more than a double wiTwh. 

• The differanaa betwean a oapslan and a >iind1s,ss liot 
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284. A rod oonneota the crank with other parts of the inaohineiy, 
either to eomnnmioate motion to or from a wheel. When the rod 
which communicates the motion standB pen>endioular to the crank, 
which is the case twice during each reTolotion, it is at what 
cummOnly called the dmi point, and the crank loses all its jiowt 
But, when the rod staudB obliquely to the crank, the crank is then 
cfTootive, and turns or is turned bj the wheel. 

286. Cranks are used in the common foot-lathe to turn the wheel. 
Ihej are also common in other machinery, and are very convenient 
for changing rectilinear to circular motion, or circular to rectiline, 

286. When they communicate motion to the wheel they operate 
like the sho^'ter arm of a lover ; and, on the contraiy, when they 
ixiiamunicate the motion from the wheel they act like the longer 

Tifi , T-i 287. Flt-whebls are heavy rims of metal 

What are Fly- •' 

wheels, and secured hy light spokes to an axle. They are 
what is their used to aeoumulate power, and distribute it 
equally among all the parts of a machine. They 
are caused to revolve by a force applied to the axle, and, when 
once set in motion, continue by their inertia to move for a long 
time. Aa their motion is steady, and witJiout sudden jerks, 
they serve to steady the power, and cause a machine to work 
with regularity. 

288. Fly-wheela are particularly useful in connexion with cranks, 
especially when at.the dead points, as the momentum of the fly- 
wheel, received from the cranks when they acted with most advan- 
tage, immediately carries the crank out of the neighborhood of the 
dead points, and enables it to agiun act with adv^ta^e. 

288. There are two ways in which the wheel and axle is sup- 
fiorted, namely, first on pointed pivots, prqjeoting into the extrem- 
ities of the axle,* and, secondly, with the extremities of the axle 
resting on gudgeons. As by the former mode a less extensive area 
is suhjected fo friction, it is in many eases to be preferred 

How many 290. WaTEE WHEEL — Ihe e three 

hnds of kinds of Water wheels called p t vely, 

» The tarmB axle, oiis, arbor and ft / a yn nym y used by 
mBohaniOB to eipreaa tho bar or rod nh h pas as li ugh h n e of a 
nhcsl. The tei'miaations of a horiionta n b a ca d ud^ ns, and 
of an nptight one freqnentlj pivots ; bo gudg m q □ denotB 

eithoc the pointed eiti'eoiitiea of an a b p n n b me of a 

muiihiDe whieh iccelvo Uie eitremiti be a Th Ce m x , in a 

more eiaot aonae, may mean merely b ng n al d am , or a 
diaiaetor about wbiob motion takes plooa 
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Watei--\eheels the Overshot, the Undershot and the Breast 



291. The Overshot Wheel receives its motion from the weight 
of the water flowing in at the top. 

Fig. 37 represents the Overshot Wheel It con 



Describe the 
Ovfrshot 



1 (not rejj( 



wheel turning on 

the figure} with 
compavtmentfi called buckets abed &e 
at tiie circumference, whii-!i are succes 
eively filled with water from the strtim 
S, The weight of the watei in the bucLeta j 
causes the wheel to turn, and the hucket') 
being gradually inverted, are emptied as 
they descend. It will he seen from an 
inspection of the figure, thit the huckets ir 
of the wheel are always filled or jartly filled while those u 
the opposite or ascending part are always empty until they are 
again presented to the stream. This kind of wheel is the most 
powerful of all the water-wheels. 

292. The Undershot Wheel is a wheel which is moved by the 
motion of the water. It receives its impulse at the bottom. 




ig Bide 



Fig. 38 rep- 
resents the Un- 



Describe the 

Underikot 

Wheel. 

Instead of buckets at the cir- 
cumference, it ia furnished 
with plane sur&ces, called 
float-boards, abed, &c., which 
receive tte impulse of the 
water, and cause the wheel 
to revolve. 



Biscribet/ie 293. TheBreastWheelisa wheel which receives 
Bt&M Wheel, the water at about half its own height, or at the 
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level of ita own axis. It 
is moved both by (lie 
weight and the motion 
of the water. 

Fig. 39 repr^enta a 
Breast Wheel. It is fur 
nished either with buck 
ets, or with fioat-boarda I 
fitting the water-course, reeeivicg the weight of tlie watei with 
ita force, while in motion it turns with the stieam 

294. la the watar-wheela which have now 1 een described the 
motion is given to the circumferonco of the larger wheel, either by 
the weight of the water or bj its force when in motion, 

295. All wheels used in machinery are connected with the difler- 
ent parts of the machine by other parts , called ^eci-ing-. Sometimes 
they are turned by the friction of endless bands or cords, and some- 
times by cogs, teeth, or pinions. When turned by bands, the 
motion may be direct or reversed by attaching the band with one or 
two centres of motion respectively. 

296. When the wheel is intended to revolve in *''£• SO' 
the same direction with the one from which it 
receives its motion, the band is attached as in 
Fig. 40 ; but when it is to revolve in a contrary 
direction, it is crossed as in Fig. 41. In Fig. 40 
the band has but one centre of motion ; in Fig. 41 
it has two. ' 

297. Instead of the friction of bands, the roi 
surfaces of the wheels themselves are made to c( 
municate their motion. The wheels and axles thus rubbing to 
gether are sometimes coated with rough leather, which, by increas- 
ing the friction, pevents their slipping over one anotiier without 
communicating motion. 

298. Figure 42 represents such a combination of wheels. As 
the wheel a is turned by the weight S, its axle ^ ,„ 
presses against the inroumference of the wheel b, , '^' , . 
causing it to turn; and, as it turns, its axle rubs 
against the circumference of the wheel c, which | 
in like manner commuBicates its motion to d. ' 
Now, as the circumference of the wheel a is equal 
to six times the circumference of its axle, it is 
evident that when the wheel a has made one rev- f 
olution b will have performed only one-sixth of a 
revolution. The wtiee! a must therefore turn round si 
cause b to turn once. In likemanneri must perform six 
to muse c to turn once, and c must turn as many times t( 



Pie. 11. 
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299. It', on the contrary, the power be applied at F, the conditions 
■will all he reversed, and c will revolve six times, b thirty-eix, and a 
tvio hundred and sisteen times. Thus it appears that we may 
obtain rapid or slow motion by the same combination of wheels. 



rapid motion, the power 
to obtain 



Hote may rapid or 300. To obtai 

slow motion be ob- , , ■,■-,..-, , 

tained at pkaswe must be applied to tlie aslo 

by a combination of glow motion, the power must be 

wheels with their .• ■ » ^,111 

a^lggt the Circumference 01 the wheel. 

301. Wheela are sometimes moved by means of cogs or teeth 
articulating one with another, on the circumference of the wheel 
and the asle. The cogs on the surface of the wheels are generally 
called teeth, and those on the sarfaee of the a.sle are called leaves. 
Tlia asle itself, when furnished with leaves, is called s. pinion 



lig. 43 represents 
wheel B, being moved by a 
string around its circumfer- 
ence, is a simple wheel, with- 
oat teeth. Its asle, bdng fur- 
nished with cogs or leemu, to 
which the teeth of the wheel 
D aie fitted, communicates its 
motion to D, which, ia like 
manner, moves the wheel 0. 
The power P and the weight 
W must be attached to the 
circumference of the wheel or 
of the asie, according as 1 slow 
or a rapid motion is desired 
303. Wheels with' ■' 



of cogged wheels. The 



the poiiti 

to the ■iKis they 

teeth are parallel 



of the teeth When the teeth 

■e called spur wheels or . 
til the axis, they are called t 




pcTMndicuIar 
gear When the 
wn wliteh. When 
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'they are raised oa a surface inclined to the asis, they are called 
ievelM wheels. In Fig. 43 the wheels ate spur wheels. In Figs. 
44 and 45 the wheels are bevelled wheels. 

304. Different directions may be giren to the motion produced 
by wlieels, by varying the position of their axles, and causing them 
to revolve in diiftrent planes, as in Pig. 44 ; or by altering the shape 
and position of the cogs, as in Kg. 46. 

How may the 305. The p w ft thed wh I m y b 

maiedJ in the wheel aad th mb f 1 n th 

pinion for the diameter ov fbe mf n f iii wheel ad 



30G. STraPENSioN or AcnON. — In t! nr gmtfmh y 
it is often neeassary to cut off the f th m g p f m 

some parts, while the rest contin m t Ih d by 

causingatoothedwheel toslidea d th d f ta d 

from tSe cogs or leaves into which t 1 te , , wl h 

is oonununicated by a band, by causing the band to Blip aside from 
the wheel to another wheel, which revolves freely around the asle, 
without communicating its motion. 

307. Wheels are used on vehidea to diminish the friction of the 
road. The larger the circumference of the wheel, the more readily 
it will overcome obetaoles, such as stones or inequalities in the 
surface of the road. 

308. A lavge wheel is also attended with two additional advan- 
tages ; namely, first, in passing over holes, ruts and excavations, a 
large wheel sinks less than a small one, and consequently causes less 
jolting and expenditure of power ; and, secondly, the wear of large 
wheels Ih less than that of small ones, for, if we suppose a wheel sis 
feet in diameter, it will turn round but once while awheel three feet 
in diameter will turn round twice, its tire wUl come twice as often 
to the ground, and its spokes will twice as often have to hear the 
weight of the loa^. 

309. But wheels must be limited in size by two considerations : 
first, the strength of the materials \ and secondly, the centre of the 
wheel should never he higher than the breast of the horse, or other 
animal by which the vehicle is drawn ; for otherwise the animal 
would have to draw obliquely downward, as well as forward, and 
thus expend part of his strength in drawing against the ground,* 

* In desoendlng a Bteep hill, the nheeb of n oanitige are often Ixked (ai 
it is called), that is, fastened in suoh a manner as to prevent their turning ; 
iind thna the tolling is converted into the sliding friction, and the vehicla 
deeCDnde mora safely. 

taailitate tJie moving of them ; and thua the eliding ia aonierted into tiit 
rolling Mctiou. 
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310. Pbactical Examples of Poitbb applied to the Wheel and Ajclb. 
Q««i.™ /«■ Solution. 

(1.) With a irheel 6 fest in diameter and a poner of 6 pounde, vbat 
must be (ha dUmeter of the axle to-euppoit 3 owt. 1 Am. 1.8 ia. 

(3.) How large must ba the diameter of the nheel to support nith 10 
Iba. aweigbt of 5 owt. on an ailB 9 inches in diameter 1 Am. St.6/t. 

(S.) A wheel has a diaueter of 4 feet, nn Bile of G inohes. What power 
mnat he applied to the wheel to balance 2 owt. on the axle 1 A«s. SS lb. 

(4.) There ia aeoaueiion of cogged whaelshaviagG leaves on the pinion 
and 36 cogs on the wheel. What is the proportion of the power to the 

(5.) Suppoee a levor of sis feet inaertod in a capstan 2 fest in diimeler, 
and Bis: men whose united Btrength is represented hj i of a ton at the capstan, 
how heavj an anchor can they draw up, allowing (ie loss of i of thoir power 
from fciotion f A^i. i T. 

<{i.) What must be the proportion of the axle to the wheel, to Eustoin a 
weight 30 owt. with a power of 3 owt. t Am. As 1 to 10. 

(7.) The weight is to the power in the proportion of six to one. What 
mast be the proportion of the wheel to the axle 1 Ans. 6 to 1. 

(S.) The power ia repreaented by 10, the axle by 2. How can you repre- 
sent the wheel and a,xle ' ■ Ans. la-.jneieMui-.iirhefl. 

(a.) The weight is eiptesaed by 15, the power by S. What will repre- 
sent the wheel and axle 1 Am. B aud 1, 

(10.) The axle ia repreBented by IG, the power by 1. Required tbo pro- 

(11.) What Is the weight of an anuhor requiring 6 men to weigh it, by 
ineana of a capstan 1 feet in diameter, with a lever S feet long, 2 feet of its 

be repreaeuted by 2 owt., and a losa of J the power by Motion? Am. 66eio(. 

(12.) A stone weighing 2 tons is to be raised by a wiadloss with spokes 
2 feet in length, projeotiog from an aile inohes in diameter. How many 
men must bo employed, anpposlngeach man's power equal to 2 cwt., including 
the loss by friction 1 Ana. 2.6 men. 

What is a 311. TuE PuLLET. — The Pulley is a amall 
Fullei/ - wheel turning on an axis, with a string or rope 
in a groove mnning around it. 

How mi^n^ kinds There are two kinds of pulleys — the 

of puUeys are ^ * 

ihere' fixed and the movable. The fixed pulley 

is a pulley that has no other motion than a revolution on 

its axis, and it ia used only for changing the direction of 

motion. 

E^lain 312. Fig. 46 represents a fixed pulley. P is a 

tig. 40. gjjiaii Tflieet turning on its axis, with, a string running 

round it in a groove. W is a weight to be raised, F is the force 

or power applied. It is evident that, by pulling the string at 

F,the weight must rise just as much as the etriug is drawn 
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down. As, therefore, tte velocity of the weight and the ei?. 4b. 
power is precisely the same, it is manifest that they '«^ 
balance each other, and that no mechanioal adTaatage ^ 
is gained.* But this pulley is very useftil for changing I 
the direction of motion. If, for insta,noe, we wish to "^ 
raisea weight to the top of a high building, it can be done Fgl 
with the ^Sistance of a fixed pulley, by a man standing * ^ 
below. A curtain, or a sail, also, can be raised by meana of a, 
fixed pulley, without ascending with it, by drawing down a string 
running over the pulley. 

On what prin- ^13- The fixed pulley operates on the same 
cn)k does the principle as a lever of the first kind with equal 
nxedfulUyactl arms, where the fulcrum being in the centre 
of gravity, the power and the weight are equally distant from it, 
and no mechanical advantage is gained. 

314. The movable pullev differs from 
How does the , - , „ ... 11 

movable pulley the hxed pulley bj being attached to pig. 47. 
d^er from the tjjg weight; it therefore rises and „.\i 
fells with the weight. j %\^ 

Explain 315. Fig. 47 represents a movable pulley, HHC 
Fig. 47. with the weight Wattached to it by a hook MT 
below. One end of the rope is fastened at 1? ; and, aa /^^Sr 
the power P draws the weight upwards, the pulley j j j^^^ 
rises with the weight. Now, in order to raise the ^ 
weight one inch, it is evident that both sides of the atring 

* Althongh the fixed pallej gins no direot mMbanlaal adruntage, a, 
mas may adraDtagoously nee hia onn strengtli by the use of it. Thus, if 
he sent himself on a ohnir soapendad from one end of a rope paaaing ovar » 
fiiad pallej, he may draw himaelf up by the other end of tho rope by even- 
ing a foice equal only to one-half of his oirnireight. One half of hla neighc 
IB aopported by the chair and the other half by his handa, and the eBeot ia 
Ihosameaaif he diev ettly one half of himsel/ i^l mime ; for, the rope being 
donbled aoroaa the pnlloy, two feel of the rope must pass through his handa 
before ho can raise himaelf one foot. In this manner laborers and othera 
" 'le npper floors of stores, by meani! 
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must be shoi-tened ; in order to do whicli, the power P must 
pass over two inctea. Aa the -velocity of tte power is double 
that of the weight, it follows that a power of one pound will bal- 
ance a weight on the movable pulley of two pounds.* 

Vmu is Ike ad- 316. The power gained by the use of pul- 
ln"thfuseof^the ^^J^ ^^ ascertained by multiplying the num- 
moDobie pulley 1 ber of movable pulleya by 2.f 

317 A weight of 72 pounds may be balanced by a power of 9 

tounds with four pulloys, by a power of 18 pounds with two puU 
tys, 01 bj a power of 36 pounds with one pulley. But in each 
case the space passed over by the power must be double the space 
passed over by the weight, mu p by h mb 
pulleys That is, to raise the w gh h p 

Sower must ]Kiss over two fee h w p h 

)ur pulleys eight feet. 

Exflam 318. Fig. 48 rep tern fi d 

^'^ *^ movable pulleys. I h b L F ^ 

are four fixed pulleys, and in li h It IV h 

are four movable pulleys, aU turn g h in 

mon axis, and rising and fallm w h h w g 

W. The movable pulleys ar n ec w h 

fixed ones by a string attac d h H 

passing over the alternate g 

in each block, forming eight co j 

at the power P. Now, to raise w g 

it is evident that ea«h of the ^h dm b 

• Thus, it ia seen that pulleys ao m w 

and the nlieel and axle, the defioie g p 

oompeneated by superior velocity. H 
strength, but can inereasB the veloo m 

enabled, by pnlieys, and other meehonical panel., to reduce tbi 
or weight of any body to the level of out strength. 

t This rale applies only to the movable pulleya in the same blocl 
when the parts of the rope whioh analaina the weight are parallel to ( 
other. Them6GhlnicalndvantogB,hoiiever,Tvhio!i the pulley seematopns 
in cbeory,ia oonsidsrably dimiuiahed in practice by the atiffoaaa of the r( 
and the friction of the whaels and blocka. When the parte of the c 
alac, are not parallel, the pulley become! leas effloaoloua ; and when 
parts of the cord which supports the weight very widely depart from 
illeliem, the pulley baoomea' wholly useleas. There ate oertain artai 
uents of ths aord and Uie pullay by nhioh (he effective power of 
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shortened one foot, and, consequently, tliat tlio power P must 
descend eight times that distance. Tlie power, therefore, muat 
pass over eight timra tlie distance that the weight moTes. 

319. The movable pulley, as well as the fixed, acts on the same 
principle with tho lever, the dcfieieaey of the strength of the 
power with the movable pulley being compensated by its Buperioi 
velocity. 

On whal princi- ^20. The fixed pulley acts on tte principle of 
pie is the mov. a leyer -with e^d arms. [See No. 313.] Tha 
^(Lfcrf?^ ■""- movable pulley, on the contrary, by giving a 
superior velocity to the power, operates like a 
lever with unequal arms. 

321. Practical vse of Pulkys. — Pulleys are used to raise goods 
into warehouses, and in ships, &o., to draw up the sails. Both kinds 
of pulleys ate in these cases advontaseoasly applied : for the sails 
are raised up to the masts by the sailors on deci by means of tho 
fixed pulleys, while the labor is facilitated by the mechanical power 
of the movable ones. 

322. Both fixed and movable pulleys are constructed in a great 
variety of forms, but tha princi^e on which all kinds are con- 
structed is the same. What is generally called a tackle and fall, 
or a block and tackle, is nothing more than a pulley. Pulleys have 
likewise lately been attached to the harness of a horse, to enable 
the driver to govern the animal with less exertion of strength. 

323. It may be observed, in relation to the Me- 
pUes to oil the chanioal Powers in general, that jioaier is always 
Mechanicttl gained at the expense of time and velocity ; thai 
Fowera ^^ ^^^ ^^^^ poieer which wUl raise one pound in 

one tmnute wdl i aise tico pounds in two minutes, six pounds in 
SIX minutes, sixty pou?ids in sixty minutes, ^c. : and that the 
same quantity of force used to raise two pounds one foot mil 
raise one pound two feet, ^c. And, further, it may be stated 
that the product of the weight multiplied by the velocity of the 
weight will always he equal to the product of the power multi- 
phed by the velocity of the power. 

puUej may bo augmented in a three-fold instead of a two-fold proportiin 
But, wheu ^uoli an adianlago ia sooiued, it must be by oontrivlng to make 
the puwec pass orer three times the space of Bie weight. 
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In what propor- Hence we have the following rule : The 
tion is the power ■ ■ ,j. ^' j jt 

to the weight P'>i>^^f *s m the same proportion to the 

when the mov- weight as the velocity of the weight is to 

naedt .' the velocity of the power. ^ 

334. PEiCTIOAL EXAMPLKa Of ApPLIOiTIOK Or THE PULLEV. 



(1.) Bupposo a power of 9 lbs. applied to a set of 3 movable pulleys. AL 
lowioK ( loss fot friotlon, what weight oim ba austained by them 1 A. 36 Ih. 

(2.) Six movable pnlleyB are attaohed to a weight of 1800 Iba.; what 
power will support Uiem, allowing a loss of two-think of the power fron; 
ftiotion!' A'se. iW!&. 

(3.) Bii men, with a block and taokls oontaiaing nino movablo pulleys, 

bj two owt. and two-thirds ot tha power lost bj friotion, what is the 
weight of tho sail, with Its appendagas ''. A'ns. 73 c«* 

(4.) If a stone weighing 3 tons ia to be raised by horse power to the wall 
of a building in proaeas of ereetion, by means of a derrick from which are 
suspended 3 morable pall^e, how tunny horses must be employed, sup- 
posing each horse capable of drawing as maeh as eight men, each of whom 
can lift ! owt., making an allowanoa of two-thirds for friction "K -Ana. 1}. 

(6.) A block oont^na 5 movable pulleys, connected with a beam contain- 
ing 6 tiled pulleys. A weight of half a ton ia to be raised. Allowing a loss 
of tw»-thirds for friation, what power must be applied to raise it T A..S oat, 
_(T.) The power is 3, the weight is 11; how many puHeye most be used, 
If friction reqnirea an allowance of two-thirds I Ans. 2T. 

(3.) Friction ono-1-hirdof the power, power 6, weight 72, — towmany pul- 
leys 1 Ans. 18. 

(9.) Weight 84, friction nothing, pulleys, 3 fixed, 3 movable ; roqnirod 
the power, An:i. 14, 

(10.) Power 12, friction B, fonr pulleys, two of them fixed ; required the 
.weight. Ann. 10, 

(11.) Sii movable and six fixed pulleys. The weight is raised 3 taet. 
How far has the power moved 1 Am. se/t 

(12.) Tha power has moved 12 feet ; how far has the weight moved un- 
der two pulleys, one fiiad, the other movable f Ans. eft. 

(13.) Tha weight, snspanded from a fised pulley, has moved 6 foot. How 
far has the power moved 1 A^k. f,fl. 

(11.) The power has moved 20 feet under a filed pulley ; how far has 
tha weight moved 1 Ana. iOJi. 

What is the In- 325. ThB INCLINED PLANE. — The In- 
cUned Plane ? ^^^^3^ Plane consists of a hard plain surface, 
inclined to the horizon, 

326. The prinoiplo on which the melinod plane aeta as a mo- 
chftnioal power ia simplj tho fact that it supports fart of the weight. 
tf a bo'iy be placed on a horizontal plane, its whole weight Tvill he 

• The stiffness of the cords and the fricdcn of the blocks frequently 
require large deduotion to bo modo from the effective power of pulleys. 
The loss thus oecasioned will sometimes amount to two-thirds of the power. 
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Bupporliid ; but, if the plane be elevated at one end, by degrees, it 
will support less of the weight in proportion to the elevation, imtii 
the plane becomes at right angles to tlie horizon, wheo it will sup' 
port no part of the weight, and the body will fall perpendicularly. 

327. A body, in ascending or desoending an inclined plane, will 
have a greater epuoe to trarerae than if it should rise or fall per- 
pendiculariy. The time, therefore, of its aaeent or deBOont will be 
longer, and thas it will oppose less resistance, and thns, also, a less 
force will be required to cause ita asoent. HeneB,'wo see that the 
fundamental principle of Mechanics, " What is gained in po'oer is 
last in time," applies to the Inclined Plane aa well as to the Me- 
chanical Powers that have already been described. 

WhMisthead- 828. The advantage gained by the use of 
\TthevIetflu *^8 inclined plane is in proportion as the 
indiYted plane? length of the plane exceeds ita perpen- 
dicular height. 

Fig. 49 represents an inclined plane. C A ita height, C B 
its length, and W a weight which is to be j,|g ^g_ 

moved on it. If the lenglh C B be four ^ ^ 

limeig the heljit C A then a power of one _,---^^^ 

pound at C w 11 b<ila a weight of four b -"""^ lA 

pounds on the ccl nel plane B. 

339. The greater the incl nation of the plane, the greater must 
be its perpond ular 1 e gl t compared with ita length ; and, of 
course, the greater must bo the power to elevate a weight along its 
surfece. 

330. Instances of the application of the inclined plane are vary 
common. Sloping pknka or pieces of timber leading into a cellar, 
and on which casks are rolled un and down ; a plank or board with 
one end elevated on a step, for the convenience of trundling wheel- 
ban'ows, or rolling barrels into a store, &c., are inclined planes. 

331. Chisels and other cutting instrumenta, which are cham- 
fered, or sloped only on one side, are ooustruoted on the principle 
of the inclined plane.* 

333. Roads which are not level may be oonstdered as inclined 
planes, nnd the inclination of the road ia estimated by the height 
corresponding to some proposed length. To raise a load up an 
inclined plane requires a power sufflcicnt to carry it along the 
whole distance of the length of the base, and then to lift it up to 

80° ; for onttinE iron from 50° to eO", and for cuMiug braaa at iibout 8(P or 
BO^. Tools urged by pressure may bo ekarpec than thoia Whioh, like tha 
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the elevation ; but in tlie inclined plane a feebler force will accom- 
plish the desired object, because the reaistanoe is spread equally 
over the whole distance* 

What is the 333. The "Wedgb.— The Wedge consists 

of two inclined planes united at their basra. 
What is the ad- 334. The advantage gained by the wedge 
by the use of the '^ ^" proportion aa its length exceeds the 
leedge? thickness between the converging sides. 

Jn what pro- 
portion is the It follows that the power of the wedge is m pro- 
pomer of the portion to ifa aharpuesa. 
wedge ? 

335. Kg. 50 represents a wedge. The line a b ^'\'^- 
represents the base of each of the inclined planes 
of which, it is composed, and at which they are 
united, 

b 

330. The wedge ia a very important mechanical power, used to 
split rocks, timber, &c., which could not be eSeeted by any otJiel 

337- Axes, hatoheta, kntres, and all other cutting instruments, 
chamfered, or sloped on both aides, are constructed on tho principle 
of the wedge ; also pins, needles, nails, and all piercing instru- 
ments. 

On what does 338, The effective power of the wedge depends 

the effective friction ; for, if there were no friction, the 

fower oj the ' ' ' 

wedge depend? wodge would fly back after every stroke. 

• Mention liiia already been made of the aagaeity of animala in a former 
page [sec No. 54J, and a sort of intnilive knowledgo whfoh thej appear 
to pOBSess of philosophical prinoiplas. In ascending a atecp hill, a common 
draj-hotse will drag his load from aide to side, as if he were oonsoioas that 
he thoa made tlia plane longer in proportion to its height, and thereby 
mode bis load (be lighter. 

freqaently nsed in preaaea for oatraeting the Jalee of aeeda, fruilsl Ao, It 
ia naed espeoially in tho oil mill, by nhioh the oil is extracted from aeeds. 
The aeeds arc piaoed in hair bags, between planea of hard wood, which are 
pfossed together by wedges. The preaaura thus essrtod is ao intense that 
the seeds, after the eitriwtion of the oil, are eonyerted into maaaea as hard 
and oompnot aa the moat dense woods. 

Wedges are used also in the Inuncbing of Toaaels, and also for realoi'ing 
bnildlugs to the perpeiidiaular whioh hare been in^ined by Ihe sinking of 
the foundation. 
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339. The iTedga derives much of ita power from the force of per- 
cussion, which in ita nature is so diferent from continued force, 
Buoh aa the pressure of weights, the force of Bprioga, &q., that it 
would be difficult to aubmit it to nunjerical caloiiation ; and, there- 
fore, we cannot properly represent the proportion which a blow 
bears ta the weight. 

Whaiisihe 840. The Screw. ^The Screw is an in- 
^^"'' clined plane wound around a cylinder, thus 

producing a circular inclined plane, forming what is called 
the threads of the screw. 

341. Cut a piece of paper in the shape of an inclined plane, as 
represented by Pig, 49, and, beginning with the end rapresi 
by the, height A, in that Figure, wind it around a pencil, 
round ruler. The edge of the paper will heacircularinolined plane, 
and will represent the threida of the screw. The distance between 
any two threads on the same side of the rule will represent the per- 
pendicular height of the inclined plane that extends once around the 
cylinder, and tTie advantage gained in the use of th'. serow (when 
used without a lever) will be the same as ia the inclined plane; 
namely, as the length of the plane exceeds the perpendicular height. 
But the screw ia seldom used alone. A lever is generally attached 
to the screw, and it is with this attachment the screw will now be 
cansidered. 

342. The Screw ia generally accompanied 
What appendage , , „ , , "^ . . . . 

ginsraHy attends ^J an appendage called the mit, which consists 
the Serein? of a concave cylinder or block, with a hollow 

spiral cavity cut so as to correspond exactly with the threads of 
the screw. When tkus fitted together, the screw and the nut 
form two inclined planes, the one resting on the other. 

343. Sometimes the screw is movable and 
tJie nut mov- the nut is stationary, and sometimes the screw 
ahkt is stationary and the nut ia movable. 

344. 'At every revolution the screw or the cut advances or 
retreats through a space equal to the distance between the threads 
of the screw. 

Tic what inanner ^^^' '^^ power applied to a screw generally 
does the poiner describes a circle around the screw, perpondic- 
upflkd to the j,!^^ to the plane in which th« screw or nut 
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What is the adoan- ^'^^- '^^^ advantage gained by the 
tage gained by 'he sorew is in proportion as the cireumfer- 
*""^" cnee described by the power exceeds the 

distance between the threads of the screw. 

What is meant by . 347, The cylinder with its threads is called 

the Convex and the Convex Sorew, and the nut is called the 

Concave Screw ? /, c mi, i ■ 

Concave Screw, ine lever i 

taohed to the screw, and sometimes to the nut. 
Explain 348. Fig. 51 represents a fised scr< 
'^' " 9, with a movable nut N, to which 
attached the lever L. By turning the lever in o 
direction the nut descends, and by turning it in t 
opposite direction the nut ascends, at every r 
\ution of the lever, through a space equal to the d 
taaoe between the threads of the screw; to aoeomplish which, the 
hand or power applied to the end of the lever L will describe a 
circle around the sci'ew S, of which the radius is L S, The 
power thus passes over a space represented by the circumfer- 
ence of this circle, and the advantage gained is in the same pro- 
portion as the space exceeds the distance between eauh thread 
of the sorew 

Explain 349, Fig, 52 represents a movable 
^'g- o^' sorew, witli a nut fixed in a frame, and 
consequently immovable. As the lever L is 
turned, the screw ascends or descends at every 
revolution of the lever through a space equal to 
the distance between the threads of tb.e sorew, and 
tie advantage gained is in the same proportion as 
the movable nut in Fig, 61, 

350. It will thus be seen that, although the sorew ia usually con. 
sidered distinctly as a mechaaical power, it is in fact n compound 
power, consisting of two circular inclined planes, moved by a lever. 

351. The power of the screw being estimated by the distance 
between the threads, it follows that the closer the threads are 
togflther, the greater will be the power, but the slower will be the 
motion produoed ; for, every revolution of the lever advances the 
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■crew 01 the nut only through a space as great as the distance of the 
thrends from each other. 

352. The screw is applied to presses and engines of all kinds 
where great power is to oe applied, without percussion, through 
email distances. It is used in bookbinders' presses, in oidei; &oA 

Elg.S3. 





wine presses, in riusing buildings. It is also need for 
coining, and for punching square or circular holts 
through thick plates of metal, Whenused forthis 
purpose, the lever passes through the head of thp 
screw and terminates at both ends with heavy 
balls or weights, the momentum of which adds to 
the force of the screw, and invests it with ir 
power. 

353. Hunter's Sokew. — The ingenious coatmi.« 
the name of Hunter's Screw consists of two screv 
threads playing one within the other ; and such will be the efiect, that 
while one is advancing forward the other will retreat, and the lesist- 
ance will be urged forward through a distance equal only to the 
difference between the threads of the two screws An indefinite 
increase in the power ia thus obtained, without diminishing the 
thread of the screw.* 

* From «]iil( has heen stated with regard to the Mecbanioal Poirere, It 
appears that b; their aid a mao is enabled to perform troTks to nhich his 
unaaEiBted naiaral strength is wholly inadeqaata. But ths power of all 
magbinea is limited by the strength of the materials of whioh tboy are com- 
posed. Iron, whioh is the strongest of allsu 
beyond n, eertaio limit. Its oohei 
oaa withstand no reaiatanee ivhleti 
Besides the Btrengtii of the mater 



todo this.Arohini 



and it has been oompu 
OHunon-b^l for a mlUioi 
■even uiilliostii part of e 



e attraoiton may be destroyed, and it 
' onger than its cohesive attraetioa. 
trials. It is necessary, also, to Gonsider the 
>plioation of meohanioot assistance, Archim- 
Hiero, King of Syraonse, that, if he would 
be would move the whole world. In order 
iself have moved over as much moreapaOB 
rid ns the weight of tlia world exceadad hia own weight; 



i, in order 
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354. PBiCTlOiL BliMPLES OF THE APPLICATION OP THE IffCLlITED PlAHB 
AND THE SOBEW. 

(1.) WithaamQlinadij!aEethBpowotraoTCBl6feet,tIiapoBer is tothe 
woigW aa 6 to 3i. How far doea the weight mora 1 ^bs. ifc 

(a.) The length ot an inollaed plttoa is 5 feet, tha proportion of tha 
power to tko weight is es i to 10, Whut is tlia lieigbt of the plane 1 A. 1/t 

(3.) All inclined plane ia 4 fact high, apowor of 6 lbs. draws np 30 
lbs. What is the length of the plane ■? Am, in ft 

(t.) The length of a plane ia 12 feot, the height ia 3 feat. What is the 
proportion of the power to the weight to be raised 1 Ant. As 1 to *. 

(5 ) Tha dialance between the tbroada of a sereir is 1 Ineh, tha longtb of 
tho lever ia 2 feet. What is tbe proportion Jhs. 1 to 160.79 + 

(6.) Whioh will eiert tbe greater force, a lerer 3 feet long with the 

the threads and a lever one foot long 1 Ans. The jorsw. 

(7.) Aserewwitb the threads 2 inches apart, and a lever 6 feet long, 
drawa a sbip of WOtioDs up an inolined plane nhose length is to the height in 
fie proportion of 1 to 16. "Wbat power mnst be applied to tbe lavar of tbe 



(8.)' If a I 


nan ean lift a weight of 150 lbs., how n 


meh ean he draw np ! 




^ whose length la to ita height fiB 24 to 8 


t A«5.i2mlb. 


"(9.7 AHu 


inter'a screw haa a lever four feet long. 


Tha distanoe betwei 


tbe throado ol 






ineh. Hown 


Quoh weight can a man whose power ia 


represented by 175 11 



f.21in6,flS!6. 

(10.) A soraw with a lever of 2 feet in length, and a distanoe of 1 of an 
inob between its threada, sots on tha teeth or cogs of a wheel whose diameter 
ia to that of the axle as 4 to 1. Eaatened to the asla ia a rope, one end of 
which is attached to a weight at the bottom of an inclined plane, the length 
of which ia to tbe height aal2to3. Suppose thia weight to require the 
strength of a man who can lift 200 lbs. to be applied to the levor of the 
Bcraw to move it. What ia the weight 1 Am. 966O9S620O ». 

yVhat is the 355. ThE KnEE JoINT, OR ToGQLl 

Toggle Mnt-i jqint. — The Toggle Joint, or Kneo Joint, 
consists of two bars united by a hinge or ball and aoeket, 
wliich, being urged by a power perpendicular to tbe resistance, 
acts with rapidly-increasing force, until tbe bars form a 
straight line; 

The toggle (or knee) joint affords a very useful mode of convert- 
ing velocity into power, tie motion produced being very nearly at 
right angles with the direction of the force. It is a combination 
of levers, and tie same law applies to it aa to all machinery, 
namely, that the power is to the resistance iaversely as the space 
of the power is to the space of the reaiataaoe. 
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Beplain 356. Fig 55 represents a toggle joint. 
fV- S5- AC and B C are the two roda con- | 

nected bj a joint at 0. A moving force applied 
at C, in the direction D, acta with great and '^' 
constantly increasing power to separate the parts 
A and B. 

357. The operation of the to^le "ik 5u 

joint is Been in the iron joints whi 
nro used t pi Id th t p f 1 
It isal d an k d 

printing p to bt tb gr 






fc f 



f 11 

li 

,ir, the 




358. M lA — n m t 
bodies i S t d ly tl I 
element a h 1 tl y m 
■which the? are on all sides 
ed. Thus the bird flies in tt 
Sah swims in tho water. Air there- 
fore is the medium in which the foiv 
mer motoa, while water is tha medium 
in which the motion of the latter is 



Wkid is a 359. A Medium is the substance, solid or fluid, 
which surrounds a body, and which the hody must 
displace as it moves. 

360. When the fish awime or the bird flies, each must force its 
way through the air or the water ; sad the element thus displaced 
must rush into the spot vacated by the bodir in its progress. It has 
already been stated that the body of the fish or of the bird is pro- 
pelled in its motion in the one case by the reaction of the air on the 
wings of the bird, and in the other of the water on the fins of a fish, 
Tho fish moves in the denser medium and needs therefore to present 
a less surface for tho reaction of the water ; while the bird, living in 
a comparatiyely rare medimn, presents in his wiags a much larger 
extent of surface to receive the reaction of the air. In maWng 
the fins of a fish, therefore, so niucb smaller, in proportion to its 
size, than the wings of a bird, nature herself has taught us that, 



In 



11. The resistance of a medium i8 



proportion 
is ths resistance of a 
medium? in exafit proportion to its density. 



302. A body falling through water will move more alowly than 
one fdUing in the air, because it mi'eta with more resistance from 
the inertia of the water, on account of the greater density of the 

What 13 a S63. A Vacdum. — A Vacuum is imoccu- 

Vacuum? pjgj apa«e; that is, a space which contains 
absolutely nothing. 

3G4. From this definition of a vacuum, it appears that it does 
not mean a space ivhieh to our eyes appears entpiy. What we call 
an empty bottle is, ia fact, full of air, or some other invisible fluid. 
If we sink an empty bottle in water or any other liquid, neither the 
water nor any other liquid can enter until some portion of the air is 
expelled. A small portion of water enters the bottle immersed, 
and the air issues in bubbles from the mouth of the hotde. Other 
portions of water then enter the bottle, expelling the air in similar 
manner, until the water entirely fills the Dottle, and then the air- 
bubbles cease to rise. 

365. From this statement of the meaning of the term "a itocuum," 
it will be seen that if a machine be worked in a vacuum (or, as it 
is mora commonly expressed in Latin, " in vacuo ") its motion will 
be tendered easier, oecause the parts reoeive no resistance from a 
surrounding medium. 

What is Fric- ^^^' ^RICTION. — Friotion is the resistance 
tion, and how wliich bodies meet with in rubbing against 

there? De- There are two kinds of friction, namely, 

sorU^mck. tjjg ^^lYmg and the sliding friction. The 
rolling friction is caTised by the rolling of a circular body. 

367. The sliding frietioa is produced by the sliding or 
dragging of one surface over another. 

368. Friction is caused by the unevenness of the surfaces which 
oome into contact.* It ia diminished in proportion as the surfaoee 

are smoothed and well polished. The sliding frictior •" 

with mora difficulty than the rolling. 

* All bodiOB, how well soover thoy may ba poUshed, have 

tb« eurfflces of two bodies eums into contaol, tlia ptominci 
one Kill often fall into the hollow parts of the oUior, and 
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W/mt fOTtion 369. Friction destroys, but never can generate, 
"fi/'e power of ^^^^ It is usuallj computed that friction 
last byfric- destroys one-third of the power of a machine. 
t'on? jn calculating the power of a machine, there- 

fore, an allowance of one-third must be made for loss by fric- 



WhalU 



370. Oil, grease, black-lead or powdered soap- 
io lessen fric- stone, is used to lessen friction, because tUey act 
tiimi and ag a polish by filling up the cavities of the 
^ ^ ' rubbing surfaces, and thus make them slide more 

easily over eacli other. 
How does fric- 371. Friction increases: 
lion increase ? jl,) ^5 %[,^ weight or pressure ia increased. 

(2.) Aa the extent of the surfaces in contact is increased. 

(3.) As the roughness of the surface is increased. 

ffow mail fric- ^'^^' ^■'■^'"^ ^^7 ^^ diminislied r 
tionbedimirir (1.) By lessening the weight of the body in 
ishedt jnotioa. 

(2.) By mechanically reducing the asperities of the sliding 
surfaces. 

(3.) By lessening tlie amnunt of surface of homogeneoua 
bodies in contact with each other. 

(4.) By converting a sliding into a rolling motion, 

(5.) By applying some suitable unguent. t 

» When finely-polislied iron a made to rnb on bBll-metal, the friation is 
aaid to be rednoed to about Qno-oi£;hth. Mr. Babbit, of Boston, has pre- 
pared a oompoaition for tie wbeei-boiea of loooinotivs engines and other 
unobinory, wbicb, it ia said, has etill fni-ther raduaed tbo amount of fric- 
tion. Tbia oompoaition is noii ranch in use. As tbe friotion Itetiiean 
rolling bodies is mnob lees tbiui itf^bnae that drag, tbo aile of large wheels 
Is somettmea made to moye on small vbeols or rollei'a. These are called 
ftistion wheels, or friction rollers. Xhej turn round their onn centra as 
the wheel continues ite motion. 

t From the expeiimenta made by Coulomb, it appears that the friction 
of heterogeneous; bodies ia generally le^s thimthatof homo^enons that 
ie, Ibat if a body rub against another oompoaed of the aanie kind of irood 
or metal, the friotion is greater than that of diBereut kinds of metal, or of 
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Whal<,reth' 3-3. Fricti 1 h i^li t t d tli m t n 

useso/fric- of machines, d ifl gr t 1 f j w 

fion? performs impo t t Id fit n f 11 y t 

"Were there no friction, all b d n th f f h th 
would be clashing against e li th It w Id d Iv w th 
anbounded velocity, and w h Id 1 ttl b t n t d 

collision. But, wheneyer a b dy q g t 1 ty t 

Boou loses it by friction against the su face of th. th 

374. The friction of water against the surfaces it runs over soon 
reduces the rapid torrent to a gentle atream ; the fury of the teiapost 
is lessened hy the friction of toe air on the face of the earth ; and 
the violence of the ocean is soon subdued by the attrition of its own 
waters. Our garments, also, owe their strength to friction ; and 
the strength of ropes, cords, sails and various other things, depends 
on tJie same cause, for they are all made of short fibres pressed 
tt^ther hy twisting, and this pressure causes a suESeient degree of 
friction to prevent the fibres sliding one upon another. Without 
friction it would he impossiWe to make a rope of the fibres of hemp, 
or ft sheet of the fibres of fiax ; neither could the short filtres of 
cotton have ever been made into such an infinite variety of fonns as 
they have received from the hands of ingenious workmen. Wool, 
also, has been converted into a thousand textures of comfort and 
luxury, and all these are constituted of fibres united by friction. 

What is the 375. RsaULATOES OF MoTION. — ThB 

Pindulumi Pendulum. — The Pendulum* conaista of a 
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• The pendulum was invented by Giilileo, o. great astronomer of Florence, 
in the beginning of the eeventaanth century. Perceiving thnt the chan- 
deliers suspendad from the ceiling of a lofty chnroh vibrated long and with 
great uniformity, as thaj were moved by the wind or by any accidental 
dJEturbatioe, he waa lad to inqaite into the cauBO of their motion, and this 
inquiry led to tha invention of the pendulum. From a like apparently 
insignificant cirGumatanca aroae the great discovery of the principle of 
gravitation, puring the preraleaee uf the plagne. In the year 1GG5, Sir 
Isaac Newton retired into the eountry to avoid the eentagion. Sitting m 
bis orchard, one day, he observed an apple fell from a tree. Ilis inquisitire 
mind was immediately led to eonsider the cause viliieh brought the apple 
to the ground, and the result of his inquiry wofl the dieoovery of that grand 
prinoiple of gravitation which may be considered as the flrst and most im- 
portant kw of material nature. Thus, out of what had been before Ihe 
.ion of the world, did 



weight or ball suspended by a, rod, and made to swing 
backwards and forwards. 

Whoi are the 

motions of a 376. The motions of a pendulum are called 

pmdulian call- jjg yibrationa or oscillations, and they are 

ed, end hom , , . ^ 

are they Caused oy gravity.* 

caused ? 

What i$ the The part of a ch-cle through which it moves 

arc of a vend- . n i -, 
ulv^? ^ 'S ■'^"ed Its arc. 

What differ- _ 377. The vibrations of pendulums of equal 
H^aH^TfZ length are very nearly equal, whether they 
vibrations of move through a greater or less part of their 
findulums of . 

equal knglh ? ^^'^^■T 

3T8. In Fig. 57 A B represents a pendulum, lig^r. 
DFEC the arc in which it vibrates, if the 
pendulum be raised to B it will return to F, if it 
be raised to it will return to D, in nearly the n 
same length of time, because that, in proportion 
as the arc is more extended, the steeper will be 
its beginnings and endings, and, therefore, the more rapidly 
will it fal!.t 

• Wlion a pendulnm ia laiaod from a perpendicular position) it9 weight 
vill cause it to fall, and, in the aet of foiling, it acquiresadagree of motion 
whioh impels 16 to a. height bejood the petpandiculac almost as great as 
thdt to wliieh it was raised. Ita motion being thus spent, gravity again 

aoquires an impetus in ftilling irEiati earries it cearl; OS high on the oppo- 
site side. It thus continues to suing bnckirards sad fomards, until the 
rssistuioa of the ait wholij arresta its motion. 

It will be understood that gravity affects every part of the length of the 
pendulum. A ball or flattened weight is attached to the low ' " "' 



panduluia to conoentmta the afTeeta of grarity in a single poini 
'' " . .- looiiaj an appai-atns oonncoted with I 

m tho pendulum with snoh a force a 
• of the air, and lieep up a continued 



if olooks, an appai'atns oonnceted with the WBight of 
on tho pendulum with suoh a force as to anablo it 



+ It hi 

" "'ng wlien projected opwarda. Gravity 

;ia oanaas it to continue its motion uo' 

ulum oscillates is called its 
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On what does 379. The time occupied in Uie vibration of 

tlieiimeq/ the ^ pendulum dependa upon its lensth. The 
aialtalions of '^ 'i "■ ° , . 

a pendulum longer the penctulum, the slower are ita vi- 
depend J 



What is the ^^'^' '^^'^ length of a pendulum which 

lenffih of a vibrates sixty times in a minute (or, in other 

pendnMm that ^^^^ ^^^^^ vibrates seconds) is about thirty- 
vibrates once _ ; . , ' •' 

cuery second nine inches. But in different pai'ts of the 

of time ? earth this length must bo varied. 

WkkhmntUtU ^ pendulum, to vibrate seconds at the 

longer, lo viorale '^ ' 

seconds, apendubim equator, must be shorter than one which 

at tl^ equator or one vibrates seconds at the poles.f 

d the poles ? ^ ' 

How is a clock 381. A clock is regulated by lengthening 
■egulated ? Qp shortening the peadulum. Ey lengthening 
tlie pendulum, the clock is made to go slower ; by shortening 
it, it will go faster.J 

• The weight of the ball at tta end of a pondnlum does not affect the 
duration of its osoillations. 

t The eqnutorial diameter of the earth exceeds the polar diameter b; 
about tnenCy-six miles ; consequent!; the poles muet be nearer bo the centre 
ottbe earth's attraotiou than the equator, and gravity must also operate 
with greater focoa at the poles than at the equator. Honoo, also, the length 
of a pendulum, to Tibrate in any given time, must vary wilh the latitude 

i The pondaliimofacloc& is mads longur or shorter by means of a scren 
beneath the weight or hall of the pendulum. The clock itself is nothing 
more than a pendulum connected with nheel-work, so as to record the 
nuniber of vibrations. A weight [a attached in order to counteract the 
tetarding effect of friotion and the reaistonoe of the air. The wheels show 
how many swings or bents of the pendulum have taken plaoe in a given 
time, beoauso at every heat the tooth of a wheel is allowed to pass. Now, 
if thia wheel have sisty teeth, it will turn round once in sixty vibrations 
of the pendnlum, or in sixty seconds ; and a hand, fisod on the axis of the 
wheel projecting through the dial-plate, will be the second-hand of the 
olook. Other wheels are so oonneoted with the first, and the number of 
teoth in them is so propoftioted, that the second wheel turns sixty times 
Blower than the first, and to this is attached the minute-hand ; and the 
third wheel, moving twelve times slower than the second, carries the hoar- 
band. On account ot the expansion of tho pendalum by heat, and its con- 
traction by cold, clociis will go slower in summer than la winter, because 
the j.eiidulum is thereby lengthoiied at Ihat season. 
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In wha pro- 383 The lengths of pendulums are f o each 
lengths of other as the sc[«3re of the time of their 
pendulums ? vibration. 

383. According to tliis law, a peiiduliim, to vilirate oceo in two 
seconds, must be four times as long as one that vihratea once ia oae 
second ; to vibrate once in three aeconds, it maat bo nine times as 
long; to vibrate obce in four seoonds, it must be sixteen times &a 
long ; once in five seconds, twenty-five times as long, &c. 

'flie Hoconds employed in the vibrations being 
1,2,3,4,5,6,7,8,9, 
the length of the pendulums would be as 

1,4,9, 16,25,36,49,64,81. 
A pendulum, therefore, to vibrate once in Jive seconds, must be 
aoer eigliiyfeel in length. 

384. As the oscillftlaons of a pendulum are dependent upon gravi- 
tation, the instrunteot becomes useful in ascertaining the force of 
gravity at diffiirent distarioea from the centre of, the earth. 

385*. It has already been stated that the ceitlj^fugal force at the 
equator is greater than in those parts of the earth which are near 



the poles. As the centrifugal force operates in opposition 
of ^ivvity, it follows that the pendulum must also he affiicted by it 
I this aCR)rda additional reason why a pendulum, to vibral 



Heoohds at t!ie equator, must bo shorter than one at the poles. It 
has been estimated that, if the revolution of the earth around its 
axis were seventeen times faster tlian it is, the centrifugal force at 
tlie equator would be equal. to the force of gravity, and, eonae- 

Suentiy, neither could a pendulum yibrj,te, nor would bodies there 
ave any weight. 

386. As every part of a pendulum-rod tends t-o vibrate in a dif- 
ferent time, it is necessary that all pendulums should have a weight 
attaohed to them, which, by its inertia, shall concentrate tlie attract- 
ive force of gravity. 

387. Pendulums are suhjeet to variation in warm and cold 
weather, on account of thei dilatation and contraction of the mate- 
rials of which the rod is composed, by heat and cold. For this 
reason, the same pendulum is always longer in summer than it is in 
winter ; and a clock will, therefore, always be slower in summer 
than in winter, unless some meana ore employed by which the 
effects of heat and cold on the length of the pendulam can Iio coun- 
teracted. This is sometimes effeeWd ia what is caiied'the gridiron 
pendulum by combining bars or rods of sfejel and brass, and in the 
mercurial pendulum by enclosing a quantity of quicksilver in a 
tube near the bottom of the pendulum. 

388. In order to secure » continuous motion to the pendulum 
(or, in other words, to keep a clock in motion), it ia necessary that 
the pendulum should hang in a proper poaition. A practised ear 
can ei^ily detect any error in this respect Dy the irregularity in the 
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ticking, or (na it ia called) by its being " ovt of beat." To remedy 
this fault, it is nocesBarj either to incline tlie clock to tbo one side 
or the other, until the tickioga are iynchronoiia ; or, in other words, 
are mads at equal intoryals of time. It can sometimeB be done 
without moving the clock, by aiightly bending the upper appendage 
of the pendulum in such a roanner that the two teetli, or pro- 
jections, shall properly articulate with the eBcaperoent-nheel. [See 
No. 303.] 
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390. The observatione hayebeen extended but little further, north 
or south of the equator. Different observers have arrived at different 
leaulta ; probably on account of their diSerent positions in relation 
to the level of the sea in wliioh the oliserrations were made. Id 
such a work as this, o table of this kind, without pretending to es- 
trame accuraoj, is useful, as shovring that theory has been con- 
firmed by observation. 

391. 'i'he movingpowerofaclockisa weight, which, being wound 
np, makes a constant effiirt to descend, and is prevented by a small 
appendage of the pendulum, furnished with two teeth, or projeo- 
tiona, which the vibrations of the pendulum cause alternately to 
fiiU between the teetli of a wheel called the escapement- wheel. 
The escapement- wheel is thus permitted to turn slowly, one bioth 
at a time, as the peadulum vibrates. If the pendulum with its 
appendage bo removed from the clock, the weight will descend very 
lapidly, causing all the wheels to revolve wiwi great velocity, and 
the olook becomes useless as a time-piece. 

392. The moving power of a watch* is a spring, called the main- 
Bpringj which being tightly wound around a central pin, or axis, its 
elasticity makes a ooastant eflhrt to loosen. This power is commu- 
nicated to a balance-wheel, acted upon by a hair-spring, and havino 
"n escapement similar to that of the clock. If the nair-spring, with 

' at, be removed, the main-spring, being unrestrained. 
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will cause the wheels to revolve with great rapidity, ana the watch, 

also, becomea useless as a time-piece." 

WhathaBat- 393. ToB Battering Eam. — The Battering 

teHng Ram ? j^^^ ^^^ ^ military engine of great power, used 

to beat down tke walla of besi^ed places. 

Explain 394. Its construotbii, and tte priaciple on whieK if 

iig.aa. ^jgg worked, may be nndersfood by inspection of Fig 

68, ill which A B lepreacnts a brge beam, heavily loaded, witt 
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a head of iron. A, resembling the head of a ram, from which it 
takes its name. The beam is accurately balanced, and sus- 
pended by a rope or chain C, hanging from another beam, sup- 
ported by the frame D B F G. At the extreme end B, ropes 
or chains were attached, by which it could be drawn upwards 
through the arc of a circle, like a pendulum. The frame was 
BometimeH mounted on wheels. 

335. Battering rams were frequently from fifty to a hundred 
feet in length, and, moving with a force compounded of their 
weight and velocity, were almost irresiatible.t 

" Ae ft regulBtor of motiou, the pendQlnm of the cloak is to be length- 
the manner already 
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(1.) Suppose a battering lanmeighlng 57C0 lbs., with a rolocity of 11 
toot io a second, oould penetrate a ivall, with nhat velooitj mast a oan- 
non-ball ireighing 24 Iba. move to do tlie same exeoutlon ? 

57B0 X '1 = 63360 ^ 24 — 2640 feet, or one holf of a mile in a BuooBd, 

(2.) If a battering ram Lave a momentum of 68,000 and a velocity of 3, 
what ia its weight 1 j1"3. I2W 

(»,) If a ram have a weight of 30,000 and ,a momontum 81,000, what » 
its velocity 1 jIiu. .9 

(4.) What ia the weight of a ram with a velocity of 12 and a momentum 
60,0011? Ans. MOO. 

(B.) Will B oannon-bsll of 9 lbs, and a velocity of 8,000, or a tnm will, a Bcigbt of 
16,000 aifl u velocity of 2, move witb the greater force! Ans. Tho tarn. 

Whaiis the 398. Thb GOVERNOR. — The Governor is an 
Governor? . . . ,> i ■ , , -. 

ingenioiis piece oi mechanism, constructed on 

the principle of the centrifugal force, by means of which 

the supply of power in machinery is regulated.* 

Eci-plain ^90. Fig. 59 represents a governor. A B and 
rig.a'i. ^ (J ^j.g j^^ levers, or arms, loaded with heavy 

ono hundred and six feet long. At the aiegs of Jerusalem Vespaaian em- 
ployed a ram fifty teet long, armed with an iron bntt, with twenty-fivo pro- 
looting pointi, two feet apart, each as thiob as the body of a man. 'Ihe 
oounter weight at the hindmost end amoaated to 1U75 owt., and 1600 men 
were required to work the maohine. 

* This very nseful append^e to maohiner; 
and other meohanical arrangements, owes its ht 
engine to the ingenuity of Mr. James Watt. 

In manufactures, there is one oertoin and determinate velocity with 
which the maahinerj should be moved, and which, if increased or dimin- 
ished, wonld render the machine unfit to perform the work it is designed to 
eieouto. Now, it frequently happens that the reaiatanoe is increased or 
iirainished by some of tho machines which are worked being stopped, or 

woald impart a greater or less velocity to the maohinery, were it not for 
the regulating power of tho governor, which increases or diminishes the 
supply of water or of steam, which is the moving power. 

Kut, besides the alteration in the rosistauce just noticed, there is, also, 
frequently, greater changes in tho power. Tho heat by whioh steam is 
generated oannot alwaya be perfectly regulated. At times it may afford an 

power. The wind, too, whioh im'pols the Bails of a wind-mill, ia snbjeot to 
groat increase and diminution. To remedy all these incouvonienoes JB the 
dulj Ofsigaed to the guvornur. 
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balls at tl e r cxt t e. B and C, and 
Buaj ded bj a jo nt jt A upon the ez- 
t em ty of a evolv a„ sliatt A D. A 
a s a collar or si d ng bos, connected 
w tb the leve s by tbe to Is i a and c a, 
w tl JO lits at the extr m t ea. When 
the shaft AD e ol es ip dlj, the cen- 
t f ^al fo ee ot t e bills b and C wi!l 
cause them to diverge in their attempt to 
fly off, and thus raise tbe collar a, by means 
of the rods b a and c a. On tbe con- 

ra J wKen he b f A D revolves slowly, the weights B and 

L w by ow weight, and the rods b a and c a will 

u be a descend. Tbe steam-valve in a steam- 

n^ b te of a water-wheel, being connected 

w h h oh pply of Bteam or water, which puts the 

w ks n 11 n, bus regulated. 

What is /he '^^^' '^^^ Main-spring of a watch consists of a 

Main-ifiTing long ribbon of steel, closely coiled, and contained 
ofavalch. jji ^ round box. It is employed instead of a 
weight, to keep up the motion. 

401. Ah the spring, when closely coiled, exerts a stronger force 
than when U is part^^ loosened, in order to correct this inequality 
the cbuu thMugli wbich it acts is wound upon hd hxib Burruunded 
by a apinil groove (called a/asee), gradually inereasiBg in diameter 
fniiu the top to the bottom ; sif Cliat, in prupurtion as tbe strength 
of the spring is diminished, it iii^ty act on a larger lever, or a larger 
wheel and a:£le. 



Explah 



the i<i!KO, 
surrounded by a spiral groove, 
on which the chain is wound. 
Whan the watch is recently 
wound, tbe spring is iu the 
greatest state of tension, and 
will, therefore, tiirn tho fuseo 



S. Fig. 60 represents a spring coiled in a round box. 
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by the smallest groo n he p pie of the wheel iLiid axle. 
As the spring loses f by b ng partly unwound, it acts 

upon the larger circl f h f and the want of strength 

in the spring is eomp d by h meohanical aid of a larger 

wheel and axle in the larger grooves. By this means the 
spring is made at all times to esert an equal power upon the 
fusee. The raotion is oommunicaf«d from the fusee by a cogged 
wheel, which turns with the fusee. 

Of what Joes 403. IlyDROSTATics,* — Hydrostatics treats 
ti^?' " "^ °^ ^^ oature, gravity and pressure of fluids. 

^taL'te- ■^'^**' Hydrostatics i-! generally confined to ths 

ftoeeji Hy- consideration of fluids at rest, iind Hydraulics to 

draudcs and flyya in motion. 
Hydrostatics ? 

V!hatha 405. A Eluid is a substance which yields to 

Fluzdi ttjg slightest pressure, and the purtioles of 

which, having but a slight degree of cohesion, move easily 
among 



• Tha aulgeota of Hjdranlios and Hydroatatios nrs sometiuica described 
nndor the general name of HydTndynamica. The Uiraa iBrma mo fiom tho 
Greek lunguage, oompoundad of I'Juip IhudoT), signifying waler, and Souiii't 
(djmaniis),firBc oi power ; aTaj,fog lalolicos), staadisg. Had uviof (aalns), a 
luiciiTpipc. Hance HjdrDdyaainics would iiEply, the seienos wbioh traata 
of the propartioa and relations of water and other fluids, whether in a stato 
of motion or rest ; while the term Hyd^aataiica would he oonfined to the 

through tubes or chaniicls, natural or artificial. 

t There is thia remarkable diSeienoe between bodies in a Euid an^ 
bodies in a solid form, namely, that every pattiole of a fluid is perfectly 
Independent of evary other paitiolo. fhey do not colitre in masses. Hie 
the purli'aleBofB solid, nor do they repel one another, as is the ease with the 
pnrtioleB composing a gas. They can rnove among one another tetih (h« 
least deyrm ^ frickoit, and, when thej nrcsa down upon one another in 
virtue of their own weighs the downwnrd pressure ja ooramunioiited tn ali 
direetiom, oaufliiig a pressure upwards, sideways, and in every poasibla 
manner. tTorein the partioles of a fluid differ from tho particles of a Holid, 
even when reduced to the most impalpable powder ; and Ihia it is which coa- 
eliiuUsfiaidiiy, namely, &s mwer uf trwasmitUng pres^re in every ditectioa, 
and that, too, tiUk iks least degret ^ friction^ The particles which eonipose 
B fluid must be very mucii smaller than the finest greiu of an lui [^pahl? 
povder. 
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ffowiloesa ^^^- ^ ''<iuid differs from a fluid in ita 

Uqtdd differ degree of compressibility and elasticity. Eluids 
from ajiuia ^^^ hiirMv nntimrpBuihle and elastic. Liqaids, 



on the contrary, have hut a slight degree either of com- 
pressibility or of elasticity.* 

407. Another difference between a liquid and a fluid arises from 
the propensity wliieh fluids have to expaad whenever all esterna! 
pressure is removed. Thus, whenever a portion of air or gas ie 
removed from a closed vessel, the remaining portion will expand, 
and, in a rater state, will flU the whole vessel. Liquids, on the 
contrary, will not expand without a change of temperature. Liquids, 
also, have a slight degree of cohesion, m virtue of which the par- 
tJclos wUl form themselves into drops ; but the particles of fluiiis 
seem to possess the opposite quality of miu/ston, which causes 
them to expand without fimit, unless conflneu within the bounds of 
some vessel, or restricted within a certain bulk bj external pressure. 

408 The fluid form of bodies seems to he in {^eat measure, if 
not h lly att b t d to heat. This subtle aeent insinuates itself 
hetween th p t i of bodies, and forces them asunder. Thus, 
for t n w t d vested of its heat liecouies ice, which is a 
solid I tl f m f water it is a liquid, having but in a very 
alight d "T th p perties either of compressibility or elasticitj. 
An dd t 1 pply f heat converts it into steam, endowed with 
a very gr t d f, both of elasticity and compressibilitj. But, so 
goon t m los its heat, it is again converted into water. 

Again, the metals become liquid when raised to certain tempera- 
tures, and it is known that many, and supposed that all, of them 
would be volatilized if the required supply of heat were applied. 



• The celebrated eipetiin? , , . ^ , 

the Bompressibility oE water, lad to tto eonolnaion that water Is whwlly 
inoompressiiile. Later asperiments have proved tliat it may bo ooni- 
prSBSed, and that it also has a alight degree of elastieity, Iq a voyage to 
the Waat Indiea, in the jtor 1839, an experiment was made, at the sugges- 
lion of tha author, nith a bottle filled with fteih water from the tanks on 
the dook of tho Sea Eagle. It was ha rmetically. sealed, and let down to the 
depth of about seven hundred faet. On drawing it ap, the bottle nas still 
full, but the water ivas brackish, proving that the pressure at that great 
depth had forced a portioa of tha deep salt water into the bottle, previously 
compreasiog the water in tha bottle to make room for it. As it rose to the 
anr&eo, ita elastioity restored it to its normal state of density. 

at great depths in the sea the preesuie of the anperinoumbcnt mass 
inoreaaes the density by eompresaion, and it has been oaloulated that, afa 
depth of about ninety miles, water would be oomprosscd into one- half of its 
volume, and at a depth of 360 miles its density would be nearly eqiffil to 
that of mercury. Tinder a pressure of 15,000 lbs. to a sqnttie inch, Mr 
Perkins, of Newbnr jport, aubsequeolly of London, has Bh:wn lluit water i* 
reduced in bulk one part in twenty-four. 

10 
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The Ecienoo of Gonlogy famialiea sufEcient reasons for tielicving 
that al) kniiwn sah stances were onoo not onlj in the liquid form, 
but also praviouslj existed in the furm of gaa.* 

RoiB do fluids 409. Gravitaiiom of PLrma. — Fluids gravi- 
gramiate! t^tg Jq ^ more perfect mauner than solids, on 
account of their want of cohesive attraction. The particles of a 
solid body cohere so strongly that, when the oentre of griivity 
is supported, the whole mass will he supported. But ecery 
particle of afiidd gravitates independently of every other par- 

Tin 410. On account of the independent gravita- 

fivMs be tion and want of cohesion of the particles of a 

moulded into fluid, they cannot be formed into figure.^ nor pre- 

° served in heaps. Every particle makes an effort 

to descend, and to preserve what is called the level or equi- 
librium. 

What is the ^^^- '^'^^ '®'^^' "^"^ equilibrium of fluids is 

equiHbrium of the ienilency of the particles so to arrange 
J"" ^- theraselves that every part of the eurfact 

shall be equally distant from the centre of the earth ; thai 
is, from the point towards wliich gravity tends. 

What is the 412. Hence the surface of all fluids, when in a 

^s^aceof^all ^^^^^ "^ ^®**' P^'^^^^''^^ ^^^ spherical form of the 
Unids! earth. 

413. For the same reason, a fluid immediately conforms itself to 

the shape of the vessel in which it is contained. The particlee of j 

■ ' ' ' ■ ' - - ,eof thaa 



solid body being united by cohesive attraation, if any o 
bo Buppurted it will uphold those aim with which it is uiukju. 
But, when nny particle of ft fluid is unsupported, it is attriLeted 
down b) the level of the surface of the fluid ; and the readiness with 
which Suids yield to the slightest pressure will enable tlie partji-le, 
by its own weight, to penetrate the surface of the fluid, and mix 
with it. 
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W/ial is Ca- 414. CAPILLARY ATTRACTION.^ Capillary 

pillory Atcrao- Attraction ia that attraction which causes 

Wkai are Ca- fluids to ascend above their level in capillary 

pillary Tubes ? tubi^. Capillary * tubes are tub^ with very 
fine bore. 



beautifully illustrated by the following experiment. Take 
pieces of flat glass, and, haviag previously wet tl^eiii, separate tlicir 
edges on one side bj a thin sixip of woud, card or other materia! ; 
tie them together, aud partly immerse them perpendicularly in 
colored ■watHi'. 'i'iie water will then rise the highest on that side 
where the edges of the glass meet, forming a beautiful curve down- 
wards towards the edges which are separated by the card. 

4iG. Immerse a numl>er of tubes with fine bores in a glass of 
colored water, and the water ■will rise above its equilibrium in all, 
but. highest in the tube with the finest bore. 

417' The cause of this seems to be nothing more than the ordi- 
nary attraction of the particles of matter fur eaoh otber. The sides 
of a small orifice are bu near to each other as to attract the particles 
of the fluid on their opposite sides, and, as all attnuition is strungest 
in the direction of the greatest quantity of matter, the water is 
raised upwards, or in the direction of the length of the tube. On 
the outside of the tube, the opposite surfaces cannot oet on the 
same column of water, and, therefore, the influence of attraction ia 
here imperceptible in raising the fluid. 

418. All porous substances, such as sponge, bread, linen, sugar, 
&c., may be considered as collections of capillary tubes; and, for 
this reason, water and other liquids will rise in them when they are 
partly immersed. 

41'J. It is on the same principle that the wick of a lamp will 
carry up the oil to supply the flame, although the flame is several 
inohes above the level of the oii.f If the end of a towel happen to 

in word crrpiUa (hair), Bnd it 
_. ., is alhibited most prominently 

in tubes the bora of whtek an as fine as a hair, and henoe caUed capillary 
lubea. 

+ The reason -wliy itell-filied lamps wHi sometimBa fail to gire light ia, 
that the wiek is tuo large for io tube, and, being thus comprossod, the 
aapiliary attraclion ia impeded by the oompresaiuQ. Tba romedj' ia to 

light, is tlint the flame is tuo fttr from tho surface of the oil. As oapillary 
ittraotioB note only at short distanoea, the aurface of the oil should always 
bo nithin a short distance of the Same. But another reason, which reqaires 
partioulat Sitteution, is, that all kinds of oil usually employed for lauipa 
oontain a glutinous matter, of whioh no treatmont can whollj divest them. 
This matter fills tho .purcii ur ciipiUary tubes of the niolt, and provonCs t>'v 
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be left in a basin of wntsr, it will ompty tho ba f ta t fa 
On tlie same piinoiple, when a. drj wedge of w d d ti 

the crevice of n rock, as the rain falla upon it b U 1 b th 
water, swell, and sometimes split the rock. In th niill 

atone quajcieeara worked in Oermany. 

420. Eniwsmose and Bxosmosb. — In additio t tl p H y 
attraction juat noticed as peculiar to fluids, another may be men 
tioned, as yet hut imperfectly understood, which seems to be due 
pnrtly to capillary and partly to chemical attraction, known under 
the names endosmose ana exosmose* These phenomena ore mani- 
feetod in the transmission of tbin fluids, vapor and gaueoua matter, 
through membranes and porous substances. The ascent of the sap 
in vegetable, and the absorption of nulrilive matter by tho oi^ans 
of anuniil life, are to be ascrihed to these causes. 

421, When two liquids of difiereot densities are separated by a 
membranous Buhstanoe or by porcelain unglazed, endosmose will 
carry a current inwards, and e/cosmose will force one outwards, thuH 
causing a partial mixture of the fluids. 

. aod, tying a pioeo of blni^der nx 
put some sugar iiito it, and hnting 

iter has risen in the tube through 
This \s due to md^smnse. If alloircd to stand 
I rba several feet. 

ersed, and pure water bo put into the tube, and 
e tumbler, the tube nill be emptied b; ixosmnse. 
a the less densit; nill generallj pass to the 

Whalpecali- ^24. GrRAVIIATIOK OF FltjIBS OF wrFERBNr 

arity is there Dbhbities. — When solid bodies are placed one 
'^ion of'fivids ^'"'™ another, they will remain in tie position in 
of different which they are placed bo long as their respective 
dcnsilies ? centres of gravity are supported, without regard 

to their apeojflo gravity, With fluids the case is different. 



Moont of tho oil to food the fldme. For ttls reason, the nicks of lamps 
should bo often renewed. A wiok that has been long standing in a lamp 
nill rarely aOiird a clear and bright light. Another thing to bo noticed by 
those who wish the lamp to perform ifa duty in the best poaaiblo manner 
js, that the wiflk be not of such size as, by its Imgih, as nel] as its tbiekness, 
ta nil the cnp, and thereby leuve no room for the oii. It must alsn be 
romembered that, aithnugh the wlok when first adjusted may be of the 
proper size, tho glutinous raalter of the oil, filling its oapillary tabes, causes 
liie wiot to swell, and thereby heoome too large for the tube, produoing the 
same difficulty as has already been noticed in cases where the wick is tuo 
large to allow the free operation of capillary attraction. 

■ Endosmose, from ciSui, uiitkia, and aaftoe, impiMoti. l<lzu£muse, flruiR 



several days. 


the liquid 


If the eipi 


sriment be 


the molctenei 


i sugar into 


4!S. The 1 


liquid_,that 



hosecuvGooglc 



HVDEOSTAnCS. lid 

Fluids of different speoiflc gravity will arrange tlicmselves ia 
tte order of their density, each preaerving its own equilibrium. 

425. Thus, if a quantity oF mercury, water, oil and air, be put 
into the same veasel, they will arrange themselves in the order of 
their speeiiic gravity. The mercury will sink to the bottom, the 
water will atond above the mercury, the oil above the water, and 
the air above the oil ; and the Burfiice of each fluid will partake of 
the spherical form of tlie earth, to which they, ail respectively 
gravitate. 

What is a Spirit 426, A Water or Spiiit Levol is an in- 
Lcvel, or a Waler atrument coDstrueted on tlio i«-iiiciplG of tlie 
equilibrium of fluids, It toDciJsts of a, glass 
tube, partly filled with water, and closed at both eids. 
When the tube is not perfectly horizontal,— that is, if one 
end of the tube ho lower than the other, — the water will 
run to the lower end. By this means the level of any line 
to which tho instrument is applied may be ascertained. 

427. Fig. 61 representa a Water Level. A B is a 
svT 61* ^'"^ ^''^^ partly filled with water. 
is a bubble of air oooupying the 
space not filled by the water. When both ^ ,— ^ ' '"Jj 
ends of the tube are on a level, the air-buhble 
will remain in the centre of the tube ; but, if either end ol' the 
tube be depressed, the water will descend and the air-bubble 
will rise. Tho glass tube, when used, is generally set in a woodi;'' 
or a brass box. It is an instrument much used by carpenipri 
masons, surveyora, &c. 

[K. B. The fnba is gsneraUy fillod with spirit, iostoad of water, o- 
aooount of tho danger that tho water niU freeie and burst the glass. Henot 
the instrument is oallod indiObrentlj tho Spirit Level or tho Water Level.] 

428. ErFEOT oe the PECuLiAit Gravitatiok 
Amds do less ^^ Fmiiis. — SoHd bodies gravitate in masses, 
damage thim their parts being so connected as to form a 
/ailing soUds? ^^ole, and their weight may be regarded aa 
concentrated in a point, called the centre of gravity; while each 
10* 
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particle )f a fluid may bo considered as a separate mass, gravi- 
tating ini3ependeiitly. 

It is for tliis reason tliat a body of water, in falling, does 
lesri injury than a solid body of the same weight. But, if the 
water be coBverted into ice, the particles losing their fluid form, 
und being united by cohesive attraction, gravitate unitedly ia 
one mass. 

Inwhaidjre<> 439, Pressure op Fluids. — Fluids not 
lion do jtuids 

firess, on ac- only press downwards like solids, 'but also 

™""' ^ '^"* upwards, sidewise,* and in every direction. 

430. So long aa the eqiialiW of pressure is undisturbed, every 
parficie will remain at rest. If the fluid bo disturbed bjr agitating 
ft, the equality of pressure will be disturbed, and the fluid will not 
rest until the equilibrium is restored. 

H the ^^^' "'"''^ downward pressure of fluids is 

duumward, lat- shown by making an aperture in the bottom of 
«■«/ and up- ^ teasel of water. Every particle of the fluid 
qfjlvids shown? above tie aperture will run downwards through 
the opening. 

482, The lateral pressure is shown by making the aperture 
at the side of the vessel. The fluid will then escape through 
the aperture at the side. 

433. Th§ upward pressure is shown by taking a glass tube, 
open at both ends, inserting a cork in one end (or stopping it 
with the finger), and immersing the other in the water, Tho 
water will not rise in the tube. But the moment the cork is 
taken out (or the finger removed), the fluid will rise in the tube 
to a level with the surrounding water. 

ng. 63. • If the particles of fiuida were arranged in 

/-yVY^ fij. 63. regular coIumnE, as in Fig. 62, thevo would be 
(Yir) i~i "" '"•''''' pceaanre ; for when one partiolo is per- 

(JYTJ C C) d-maviards. But, if tho 'particles be arranged as 
^"^•"^-^■^ in Fig. 63, whore a particle presses between two 

psriioles bsnenth, these last must »ulfer a lata-al pnjMure. lo nbatevec 

mubt bo Bpaoea between tbem. [SaFig. l.pagt 22.]' 
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What is the 434. The pressure of a fluid is in propor- 
law of fluid tion to the perpendicular distance from the 
surface ; that is, the deeper the fluid, the 
greater will be the pressure. This pressure is exerted in 
every direction, so that all the parts at the same depth 
press each other with equal force. 

435. A bladder, filled with air, being iminersGd in water, will 
be contracted in size, on account of the pressure of the water in all 
directions ; and the deeper it is immersed, the more will it ba con- 
tracted.* 

436. An empty bottle, being corked, and, by meana of a weight, 
let down to a certain depth in (ha sea, will either be broken bj the 
pressure, or the e,o»k will be driven into it, and the bottle be filled 
with water. Tliis will take place even if the cork be secured with 
wire and aeiJfed. But a bottle filled with water, or any other liquid, 
may be let down to any depth without damage, because, in this 
case, the interna! pressure is equal to the extetnol-f 

» The weight of a, oubio incli of water at the temperatnre of 62o of Fah- 
leDhelt'S'tbermoueter U 3(lU(i6 milLiontbs of a pound nroirdupois. The 
presBure. of a oolumn of water of ths height of one foot will therefore be 
tirelve times this quantitj, or .432S (mnking alloivaDoe for the repeuttug 
doolinal), iind tbo pressure upon a. square foot by a column one foot high 
Kill be fouuil by mnltipljing this lojit quantity by 144, the number of 
square inehoB in a square foot, and is therefore (i2.3S32. 

Uenco, at the depth of 

1 foot the pressure on a square inoh ia 432S, on asqnare foot, (32.32X2 
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4JT. Qatilf™. for Solufym. 

(1.) Wliat pressure is Bustainad by the body of n Bsli having a anrfaoa of 
9 sqoaiB feet at tha depth of 150 foot 1 A-ne. 8«36.53 Oi. 

VI.) What is thapreasnro on aequare yatdof Uie banks of a oanal, at tha 
depth of fonr foet 1 A"*, '-limsmi lb. 

(3.) What pressure is exerted on tha body of a, man, at the depth of 
SO feet, auppoaing the anrfaoe of hia body to be 2i sq.yAt Ans. 4fflJ6B.i6i6. 

(J.) Suppose a nhaie to he at the depth of 200 feet, and that his body 
presents a surface of 160 yards. What la the preesme ! Ans. 16SSTa64 lb. 

(5.) How deep may a glass vessel containing JS inohes of square BUrfaoe 
be sunk without being broken, supposing it capable of resisting an equal 
pressure of 1500 lbs.1 Ans. 382.64^ + 

(6.) What is the pressure sustained on the sides of a oubioal nator-tight 
boi at tha depth of 150 feet below the snrfaoe, supposing Che bos to rest on 
tha bedofthesoa, and each aide to be S feet square? Am. imsi.Si lb. 

(7.) How doep can a glass vesse! be sunk without breaking, supposing 
Ihat it bo capable of resiEting ft pressure of 300 pounds on a square inoh 1 
Ana. 462.1 ft. + 

438. The lateral pressure of a fluid proceeds 
Whid causes the entirely from tlie pressure dowmyarda, or, in 
offiitu&? other words, from the weight of the liquid 

above ; consequently, the lower an orifice is 
made in a vessel containing water or any other liquid, the 
greater will be the force and velocity witli whioh tlie liquid will 
tush out. 
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" I than made a stopperjtf whito pine, long enough to roaoh to the bot- 
tom of the bottle; after forcing this stopper into the bottle, I out it offabout 
half an inch aboro the top of the bottle, and drove tno wedges, of tlje same 
wood, into the stopper. I sank it six hundred feet, and upon drawing it 
Dp immadintely the stopper remained as I placed it, and there was abuul 
a gill of water in the bottle, wbiob remained unbroken. The waler must 
have forced its way through the pores of the wooden stopper, although 
wedged as aforesaid ; and hiid the bottle remained sunk long enough, there 
is no doubt that it would have been filled with water." [See aim note on 
jMge 109.] 

It is the opinion of some philosophers thot the pressure at very great 
depths of the sea is so great that the water is condensed into aeolid state; 
md that at or near tha centi'e of the earth, if the fluid could extend s* 
deeply, this pressure would convert the whole into a solid mass of hre. 
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439 I'ig. 64 represents a vessel of water, with ori- 
j^ g'^ fieea at the side at different dia- 

° ' tanoes from the surface. The »ig-M. 

different curves ia the figure, described by 
the liquid in running out of the vessel, show 
the action of gravity, and the effects pro- 
duced by tie force of the pressure on the 
liq'iid at different depths. At A the press- 
ure is the least, because there is less weight of fluid above. 
At B and G the fluid is driven outwards by the weight of that 
portion above, and the force will be strongest at C. 
What effect has 440. As the lateral pressure arises solely 
the ^^S^^ ""'^ from the downward pressure, it is not affected 
body of fluid ^y '^^ width nor the length of the vessel in 
upon its lateral which it is contained, but merely by its depth; 
•pressure. ^^^^ ^^ ev«:y particle acts independently of the 

rest, it is only the column of particles above the orifice that can 
weigh upon and press out tie water. 

To what is the 441. The lateral pressure on one side of a 
hleralpressure cubical vessel will be equal only to half of the 
pressure downwards; for every particle at the 
bottom of a vessel is pressed upon by a column of the whole depth 
of the fluid, while the lateral pressure diminishes from the bottom 
upwards to the surface, where the particles have ao pressure. 
Whaicausesihe 442. The upward pressure of fluids, although 
upward pressure apparently in opposition to the principles of 
•' gravity, is but a necessary consequence of the 

operation of that principle ; or, in other words, the pressure 
upwards, as well as the pressure downwards, is caused by gravity. 
443. When water is poured into a vessel with a 
m"^ spout {like a tea-pot, for instance), the water rises in 
the spout to a level with that in the body of the ves- 
sel. The particles of water at the bottom of the vessel are 
pressed upon by the particles above them, and to this pressure 
they will yield, if there is any mode of making way for the 
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particles above them. As they omnot <le'.cend 
through the bottom of the veasel, they will 
ehauge their direction and rise in the spout 
Fig. 65 represents a tea-pot, and the ( 
of balla represent the particles of water magni- 
fied. From an inspection of the figure, it appears that the par- 
ticle numbered 1, at the bottom, will be pressed laterally bj the 
particle numbered 2, and by this pressure forced into the spout, 
where, meeting with the particle 3, it presses it upwards, and 
this pressure will be continued from 3 to 4, from 4 to 5, and so 
on, till the water ia the spout has risen to a level with that in 
the body of the vessel. If water be poured into the spout, the 
water will rise in the same manner in the body of the vessel , 

from which it appears that the force of pressure 
oFfiuid^p^el- <^^^f^ entirely on the height, and not on the 
jure. length or breadth, of the column of fluid. [See 

No. 434.] 

444. Any tjuimtity of fluid, however small, 
^''"'"'^ may be made to balance any other quantity, 
Paradox? however large This is what is called the Hy- 
drostatic Puradox * 
Explain 445. The principle of what is eilled the hydro- 

Fig, 66. static paiadox is illustiated by the hydrostatic bellows 
represented in Fig. bb A B la a long tube one inch square. 
C D E F are the bellow consisting of two loards etght inches 
square, connected by bioad jieces of leitl i m india-rubber 
oloth, in the manner of a piir ot common 1 ellowa One pound 

■A pacttdox Is eomettlingwWobiaaeoinioglrnl>sard, butt™e in fact. But 
in what is oalled tha Hydroatatio Paradoi there ia in reality no pariiiioT Sit 
All, It ia true that a small quantity of flnid will bolonoe any quantity, 
howerer large, but It is on the Bniue principle as that tvith nhioh the longer 
tirm of the lerer note. In order to taiee tke larger quantity of flnid, the 
smaller quantity must be elevated to a height in proportion as the bulk of 
the larger quantity ejtoeeds the emaller. Thus, to raise 500 Iba. of watmr 
by the deaoending foroe of one pound, the latter muat deaocnd 600 inohaa 
while the former is rising one inoh ; and hence, what is tailed the hydro- 
statie puradoi ia in atriot conformity with the fundamental prinaiple of Me- 
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of water poured into tlie tube wiJ! raise sixty- _ rig. aa, 
four pounds on the bellows. If a smaller 
tube be used, the same quantity of water will 
fill it higher, and, con5ec[uently, will raise a 
greater weight ; but, if a lasher tube be used, 
it will, of course, not fill it so high, and, con- 
sequently, will not raise so great a weight, 
because it is the height, -not the quantity, which 
causes the pressure. 

The hydrostatic bellows may be constructed °°b^^^^^ 
in a Tariety of forms, the simplest of which 
consists, as in the figure, of two boards connected together by 
broad pieces of leather, or india-rubber cloth, in such a manner 
as to allow the upper board to rise and fiill like the common 
bellows. A perpendicular tube is sa adjusted to this apparatus 
that water poured into the tube, passing between the boards, 
will separate them by its upward pressure, even although the 
upper board is loaded with a considerable weight. 

[N.E 



hydrostaiic 
heUoies esti- 
mated f 



446. The force of pressure exerted on the bel- 
lows by the water poured into the tube is esti- 
mated by the comparative size of (he tube and 
the bellows. Thus, if the tube be one inch square, 
and the top of the bellows twelve inches, thus 
containing 144 square inches, a pound of water poured into the 
tube wiil esert a pressure of 144 pounds on the bellows. Now, 
it will be clearly perceived that this pressure is caused by the 
height of the column of toater in the tube. A pound, or a pint, 
of water will fill the tube 144 times as high as the same quantity 
would fill the bellows. To raise a weight of 144 pounds on the 
bellows to the height of one inch, it will be necessary to pour 
into the tube as much water as would fill the tube were it 144 
What funda~ ""^^^ lo°g' I' ^i^' ^^"^ ''^ perceived that t!ie 
tnental laiv uf ftmdamental principle of the laws of motion is 
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„ , . htrt also in, full fprce, namely, that what is 

vlies also to gained in power is lost either in time or in 
hydmslalic space; for, while the water in the bellows is 
f^^'^ ■ rising to Ihe height of one- inch, that in the tube 

passes over 144 inches. 

Explmn 447. Another form of apparatus, by means of 
liig. C7. Y(hieh it can be proved that fluids press in proportion 
to their perpendicular height, and not their quantity, is seen in 
i'ig. 67. This apparatus unites simplicity with eonvenienee. 
Instead of two boards, connected with leather, an india-rubber 
bag is placed between two boards, connected by crossed bars 
with a board below, loaded with weights, and the upper boards 
are made to rise or fall as the water runs into or out of the 
bag. It is an apparatus easily repaired, and the bag may also 
bo used for ^ai or tor esperimtnts in Ineamatics. 

A and B are two vessels of uniqual size, but of the same 
length These miy sue 
cessivelj be screwed to 
the apparatus <ind filled 
with water TV eights 
may then be added to 
the suspeoSed scale until 
the pressure la counter 
balanced It will then 
be perceived that il 
though A IS ten times 
laiger thin B the w^te^ 
will stand it the '(ame 
height in both because 
they are of ikf same 
hn^th If be used 
m tead of A or B the 
apparatus may be used a 
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448. HYDROsrATic PaBseoKB used as a 
Mechanical Power. — If water be confined 
in any vessel, and a pressure to any amount 
be exerted on a square inch of that water, a 
pressure to an equal amount will be trans- 
mitted to every square inch of the surface of 
the vessel in which the water is confined! 

449. This property of fluids seems to inyest us with ft power of 
incveiiaing the inteuaity of a. pressure exerted by n. comparatively 
siiiiill force, without any other limit than that of the strength of 
the materials of which the engine itself is consimcted. It aiao 
eeiibles us with great facility to transmii the motion and force of 
one machine to another, in eases where looai ciroumstancss pre- 
clude the possibility of inatituUng any ordinary mechanical con- 
nexion between tjie two machines. Thus, merely by means of 
water-pipea, the force of a machine may be transmitted to any dis- 
tance, and over ineqnslitiea of grouniJ, or through any other ob- 



450. It is on tho principle of hydrostatic press- 
ure that Bramah's hydrostatic press, represented 
in Fig. 68, is constructed. Th.e main features of 
this apparatus are as follows : a is a narrow, and 
A a large metallio cylinder, haYing communi- 
cation one with the other. Water stands in both 



On what prin- 
ciph is Bra- 
mah's hydro- 
itatic press 
constructed ? 
Explain Fig. 



the cylinders. The 

strong head P, Which | 
works in a frame op- 
petite to a similar 
plate K. Between 
the two plates the 
Bubstance W to be 
eompreaied ia placed, 
tn the narrow tube, 
a is a piston p, 
worked by a lever 
ihd, its short knn 
11 
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w h p n 8 vnll b q al m^ 

P 
N m li b h h 

1 to t)0, and that at d, tbe estiemity of the longer arm, a man 
works with a force of 50 pounds, the piston p will consequently 
descend on the water with a force of 2r>00 pounds. Deducting 
one-fourth for the loss of power caused by the diiferent impedi- 
ments to motion, and one man would still be able to exert a 
force of three-quarters of a million of pounds by means of tliia 
machine. This press is used in pressing paper, clotii, hay, gun- 
powder, &c. ; also in uprooting trees, testing tlia strength of 
ropes, &c. 

When will one 

fiuidfloat on 451. A fluid speciScally lighter than another 

the surface of flujij -^wi float upon its surface.* 

tatolherjhiid? 



452. If an open bottle, filled with any fluid specifically lighter 
thftn water, be sunk in water, the lighter fluid will rise from tlie 
DOtlle, and its place will be supplied with the heavier water. 

-.„ .„ 453, Any substance whose specific gravity is 

body rise, sink greater than any fluid will siiJi to the bottom of 
tr float, in a t]iat fluid, and a body of the same specific gravity 



fluid 7 



with a fluid will neither rise nor fall in the fluid, 



hut will remain in whatever portion of the fluid it is placed. 

• TbQ Elaves In the West Indies, it ia aaid, steal rum by Inserting tbe 
long nooi! of a bottle, CiilL of walBr, through tho top apcrtura of the rum 
(U£k. The water fuHs out of tbe bottle into tke oask, nhile tile liifbtei 



HTDE0STATIC8. Izd 

But a body whose speoifio gravity is less than tL*- of a fluij 
will float. 

This is the reason why some bodies will sink and others float, 
and still others neither sink nor float.* 

mw deep icHl '^^*- ^ ^°^7 specifically lighter than a fluid 
a luidij sink in will sink in the fluid until it has displaced a por- 
afiwii! f,(,jj of the fluid equal in weight to itself. 

455. If a piece of cork is placed in a vessel of water, a?iout one- 
third part of tite corh will sink betow, and Che remainder will stand 
ahiive, the surfiioe of the water ; thereby displacing a portion of 
water equal in balk to about a third part of the cork, and this 
quantity of water ia equal in weight to tbe whole of the cork, 
beciiuae the spediio gravitj of water ia about three times as great 
as that of cork. 

45Q. It is on the same principle that boats, ships, &c., although 
composed of materials heavier than water, are made to fliiat. From 
their peculiar shape, they are made to rest lightly on the water. 
The extent of the surface presented to the wacer counterbalances 
tiie weight of the materials, and the vessel siuks to such a depth as 
will cause it to displace a portion of water equal in weight to the 
whiile weight of the vessel. From o knowledge of the fpecifio 
gravity of water, and the matei'ials of which a vessel is composed, 
rules have been formed by which to estimate the tonnage of vessels ; 
that is to say, the weight which the vessel will sustain without 
siiiking. 

slandanl fur ^^''- "^^^ Standard which has been adopted to 

eslimoting the estimate the specific gravity of bodies is rain or 

s^erAJk gra«- aistiUed water, at tlie temperature of 60°.+ 
i/y of bailies ? 

* The bodies of birds that froqaont the Rater, or that lire in the nater, 
ate gooerally mueh lighter thitn the' Quid In whiah they moi^a. Tbe 
foatliara and down of water-fowl oontributa muoh tu their buoyancy, bnt 
flihoa bare the power ot dilating and oontractiog their bodias by mains of 
ao internal ftlr-ressel, which they can oontraot or aspand at plaasni-o. 

Tbe reason thEit the bodies of persons who have been dronrned first sink, 
and, after a number oC days, will float, is, that whan first drowned the air, 
boiug ejtpellod from the lungs, makes the body spBoifioally heafier than 
water, and it iTitl of oooree sink ; but, alter deeoui position has Cakan place, 
the gases generated within tbe. body distend it, and render it lighter than 
water, and they will enuso it to rise to the swrfaoe. 

t As heat expands and cold condenses all metals, tbeir specifio gravity 
cannot bo the sama la summer that it ia in wiiitar. For this reason, they 
wili not Eori-o as a etandaiil to estimate tbe apeoifia gravity of other bodies 
The reason that distilled water is used is, that spring, well, or rl^or water i( 
seldom perfectly pure, end the viuicua subatonefis mixed with it ifieot itii 
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This ia found to be a very oouvenient standard, beoauso a 
cubic foot of water at ttat temperature weighs exactly one 
thousand ounces. 

458. Takliig a certain quantity of lain or distilled water, we .find 
that a (juajiltty of gold, ei/ual in tntlk, will weigh nearly twenty 
times aa much as the water; of lead, nearly twelve times as much; 
while oil, spirit, cork, &c., will weigh leas than water.* 



liglit. Tho onuse of tlia asoant of stesni or vapor Biay be found in its 
oelfio gravity. It may hare be stated that rain, snovr and hail, ate formed 
tho oondansation of tha pavtieiBB of vapor in tho upper regions of the 
QioEphEre, Fine, watery particloa, coming nithin tha sphera of each 
hor'a attraction, unile in the form of a drop, which, being heavier than 
■th. Snow and hail differ from rain oniy in ths 



e form of vapor and form 
lea, and part deaeands int 
m brookE, rivulela, rivari 
itod by the sun, tb 



(he air, falls 

different dagrei 

snow, or hail falU, part of it reSacandB ii 

olouds, part is absorbed by the roots of vogi 

tha aartii and forms springa. The springe 

ie., and descend to the ocean, where, beinf, _ 

water, rising in (he form of vapor, again forms olouds, a 

In rain, enow, hail, &o. The speoiao gravity of the watery partiolea which 

eonatituta vapor is less than that of the air near the enrfaee of the aarth ; 

they will, therefore, asaond until they reach a portion of the atmosphera of 

UiB same speoiSa gravity with themselves. Bot tbe oonstant accesFion of 

fresh vapor from Sie earth, and the loss of beat, cause several particles to 

come within tbe sphere of each other's attraction, as has bean stated above, 

and they unite in the form of a drop, the speoifio gravity of which being 

greater than that of the atmosphere, it will fall in tie form of rain. Water, 

as it daaoeuds in rain, snow or bail, is perfeotly pure i but, when it baa 

fallen to the earth, t( miies witi the various substanoes throngh which it 

passes, whioh gives it a speoias of flavor, without aSboting ita transparency. 
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Spirits of Tui pant 
Essenoe ol Cinnan 
Sea Water, 
Milfc, 
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How is the 459 The speciflo gravity of bodies thjt will 

spedfic graoily j^ watei is aboertained by weighmff them 

of a body as j o o 

ctrtained whin first in water and then out of the water and 

ii is greater dividing the weight out of the watei I y the loss 

than that of „ , , 

yjgl^j 01 weight in water 



DiauBond, 

Araenio, 

Oraphite, 

Pbospboras, 

Bnlphur, 

LllQB, 

Qnleua, 
Marbla, 



Plaal 



Pull 



X Lead, 
of Par 



Woody F 



nlQoua Coal, 



2.470 
1.700 



1.500 



Jipple Trea, 




■Fellow Til, 


iesT 


Cedttr, 




SaaaafVaa. 


.482 


Poplar, 




Cork Tree, 


.240 


Flint Olasa, 


3,S30 


PoMla, 


a.jso 


Coral, 


2.li80 


Chipa-wara, 




Poroelain Clay, 


2.210 




2.600 


GrsQito, 


2.700 


Slate, 


2.8 as 


Alabaeter, 


2.700 






.000105 



Mahogany, 1.O03 

Ohidk, 1.733 

Carbonic Aeld Gas, .OOlSiT 

By mOBDa of tliia tabls tko nEight of any maas of matter can be asoer- 
tdined, if we know its cubical contents. A cubic foot cf water neighs 
exdfitly 1000 onncoa. If wo maltiply tbia by tbo ninnber anneiad to any 
enbatooce in tliia tablo, the product will be the weight of a cubic foot of 
that anbatanco. Thus anthraciM coal haa a apecifio gravity of 1.800. A 
thousand onncoa, moltipliad by this sum, prodneoa 18U0 onnces, which ia 
tha weight of a cubic foot of anthraoito cual. 

The bulk of any given weight of a Eabstanoe may also readily be aaoer- 
tained by dividing Siot weight in ounces by the number of ounoea thew are 
in a cubic fool. Tha result will be tha number of cubic feet. The cnhe 



the 
I 


of the numbar 
loaida of » aqna 
is to ba unders 

itj ia laaa than 
ntity of water w 
Canoea apecifisd 


f cubic feet wi 
a box that wiU 
ood that all Bu 


1 giva the 
contain it. 


ant 


h.de 

peoi 
tha 
L 
nnd 
will 


ptha. 

cgra 

all 
t ua, 

a q 
weigh 


d breadth, of 

vityia greater 
whoaa apeeifio 

Liantity of the 


gra 

K 


that of water 
hieh will weigh 
n the table, of 


"iaotlTon 


Pla 

rin 


'«om 




23. lbs 
19.(140 " 


1 Silver, 
Copper 








11.091 lbs. 
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460. Fis. 69 represents the scales for aacer- 
Describe the _ . ,, « .„ ' 

Ecaks liseil for taming tlie specific gravity ?ig. 69. 
fin/ling thi of bodies. One scale is P 

T^If'/bod' ^'^°^^^ '^'^''" ^""^ ''*^^''' ^"*^ f™™«MpiP^ 

a hook ia attached t 
bottom of the scale, to which 
whose specific gravity is sought may 
attached and sunk in water. 

461. Suppose a cubic inch of gold wei 
neiglied out of the water, imd but eight( 



substances L\\ S? 

lit may be ra 



Oil, 



.920 " 



Cork, 



,0011 
.000105 



Hyilrugea Qua, 

A oabio foot of irater weighs one tbonsan^nvoirdupoia ouncaa. liy n 
tiplying the number opposite to any aubatinoe in Ihe abore tuWs by 
thousUDd, ne obtain the ireigbt of a uubio tbot of tbot substance in oun 
Tbiia, n cubio fouC of platinum is 21,000 ounces in neigbt. 

about one-nintli leas than Chat of common water. So long, tbcrefDre, 
the lungs can be kept free from natcr, a person, although unai^nair 
wltfa.the ai't of swimming, will not oomplelelj: sink, pruviaeil the handa 



The apecifio gravity of ei 



ir than 



hat of tt 



™ter 



uore diffi 



* The gold will weigh less in the water than ont of it, on Gocoant of the 
upwftiil presaure of (he partiolos of water, wlileii in Bome measure auppurts 
it, and, by so doing, diminishes its weight. Now, as the upward pressure 
of these particles is exactly suflioient tu balanee (he downward pressure of 
a quantity of water of exactly the same dimensions with the gold, it follows 
that the gold will tose esaotlj as much of its weight iu water aa o. quantity 
of water of the siuae dimenaioua with the gold will neigh. And tlus rule 
applies to ail bodioa, heavier than water, that are inimerBed in it. Thfy 
Bill lose as mitcA of their waglu m imter aa a viionWy of mu,r nf thik oain 
dimtHUKna tarighn. All bodies, therefore, of the BUiae aixe, loss the aame 
quantity of their weight in water. Hence, the eprdjui gram^ of a body is Iht 
wag/U if it romparrri witk thai of water, 4a a body lossa a quantity of ita 
weight when immersed (a water, it follows that when the body is lifted 
ftoui the water that portion of its weight which it had loEt will be restored. 
This is the reason that a baekeC of water, drawn from a well, is heavier 
when it rises above the aurfaoo of the water in the well than it is while it 
reiuains boluw the surfaoe. For the same reason our limba fee] beairy ia 
leaving a batb 
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in wntcr, tlie loss in water is one nunco. TIio weight out of water, 
ninetiien uunees, lieing diviiled by one (tlie loss in water), givea 
ninetaon. The specifio p-avitj of ^]!cl, then, would l)s ninetuen ; 
or, in ullier words, gnld is nineteen times heaiier tlian water. 

„ . , 462. The specific gravity of a body that wiJl 

cijic gratiiy ot "o^ ^i'^'^ i" water is ascertained by dividing its 
a body ligluer weight by the sum of ita weight added to the 
fou7^1 "" ^"^ '^^ weight which it occasions in a heavy body 
previously balanced in water,* 

403. If abody lighter thnnwatei" weigl:s sis ounces, and, on Iwing 
attached to a heavy body, balanced in WHter, is found to ocnasioii it 
to lose twelve ounces ofits weight, its speciflo gravity is determined 
by dividing its weight {eis. ounces) by the sum of its weight added 
to the loss of weight it occasions in the heavy body ; naniely, 6 
added td 12, wbiuh, in other words, is 6 divided by IS, or -^^ 
which is i- 

iU. Qusiti-ons/or Solullm. 

(1.) A body lighter tbno icikter nauEeil the loss of 10 lbs. to a beaviei 
body iiniuorFOii in nnter. In air (be same bodj neighed 30 lbs. What 
irna ita spcoiSa givivit/ 1 

Si>lMiw. — 3\)lbs.,ita veight, divided by (30-4-10=) 40 (the EUio of ICg 
iFBijthC odduil la (he loaa of neight which it canaad in another body pre- 

(2.) A body tlmt weighed 13 lbs. in ah neighed but 12 in irutor. Wbat 
irtva it? fipooifio gravity 1 Atm. 5. 

a.) It aeubtofgutorwaterTreigb 1000 onaoea, ivhut is the Height of on 
eqnal bulk of gold t Jn* 1221 tt.s™, 

(4.) The»eigbtofaneqno,lbulh of] cad 1 -4ns. 12filb,Bac 

(5.) The weigbt of an equal bulk of oork • Ane. 10 16. 

* The method of ascartaininE the spooific gravities of bodies wos diE- 
oovered aceidcntBlly by Archiiutdes. lie had been employed by the King 
of Syraouae to investigate the uietala of a gidden orown, which he suapeoiod 
bad been adullB^ated by the wortinoii. 'rhu phihiaopher labored at the 

water rose in the' bath in proportion to the bulk of his body. Ue instantly 
pei-ociveU (hat any other aubatanoe of equal elie nonld rulso the water Jnat 
OS mnob, (hough one of o/wil weight and Iraa balk eould not produce the 
eame eObot. Ue then obtained two masses, one uf gold and one of silver, 
each equal in weight to the orown, and having filled a vciiael very acen- 
ralaly uilh water, be first plunged the silver maaa into it, and obaervoi! the 
quantity of water that llowed over ; he then did tho same «ith the gold, 
and found that a leas qnantily had paaaed over than brforc. Hcnoe he 
infcrriid that, thongli of equal weight, the bulk of tiie silver wap gi'eatoi: 
thon (hilt of tiiB gold, and Biat the quantity of water disphitied Wiis, in each 
eji-eiiiuont, equal to the bulk of the metal. lie next UiHde trial with the 
erowu, and found (hat it disphieed more water than the gold, and leas than 
the silver, which Ud him to eouolode that It was neithec pure gold nor 
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(0.) The WBlj-lil of an eqnal bulk of iron 1 Ati". tn lb. 13 i«. 

(7.) What 13 tho weight nf a cubio foot of mahogany ' A«s. 86 Ih. I la. 

(8.) Theweightofaoubicfoot ofmatblsf An'. W W). 1 o* 

f 9.) What ia thn neigbt of an ioebarg 6 iniloa long, j mile wide, and 
40U feet thick 1 -i"*. S19.a59;s20 <™s. 

(10.) Wbat ii the weight of a mai-bla statue, supposing it to ho eKactly 
a yard anS half ot ouhio moasarB % Am. SS47.i;3 II. + 

<11.) If aouhiofl! body of cork BiBOtij 3 inches on eaoh aide be plaoed 
in water, how deep will it eink 1 -lis. 2.16 i». 

(12.) Suppose that i boats were made eaoh oiit of one of the foliowing 
kinJs of wood, natnely, ash, beeoh, elm and fir, which would cany the 
greateat weight without sinking ' -I'M. Thai iif eiin. 

465. An Hydrometer is an instrument to 
St' ", "" ascertain the specific gravity of liquids. 
and on what ^gg ^ij^g hydrometer is constructed on the 
Mnsiructed? principle that the greater the weight of a 

liquid the greater will be its buoyancy. 
HaiB is an hv- ^®'^" "^^^ hydrometer is made in a variety of 
drometer con- forma, but it generally on''ists of a hollow ball 
slructedf j,f giiYer glass or olt er mateual withagradu- 

at-nd aoale rising from the uppei pait A weight is attached 
Oelow tho ball. When the instiu ent thus const ruoted ia im- 
mersed in a fluid, tho specific gravity ot the fluid is estimated by 
the portion of the scale that remains above the Burface of the 
fluid. The greater the specific gravity of the fluid, the leas will 
the scale sink. 

Of what use ^^" ■^'^^ hydrometei' la a very uaeful instru- 
isthehydrom- ment for ascertaining the purity of many ai'tiolea 
''^' in common use. It sinks to a certain determinate 

depth ia various fluids, and if the flnlds be adulterated the hy- 
drometer will expose the cheat. Thus, for instance, the speciflo 
gravity of sperm oil is less than that of whale oil, and of course 
has less buoyancy. If, therefore, the hydrometer does not sink 
to the proper mark of sperm oil, it will at once be seen that the 
article is not pure. 

Of whai does ^^^' HYDRAULICS. — Hydraulics treats of 
Hydraulics fluids in motion, and the instruments by which 
'^ their motion is guided or controlled. 



470. This branch of Hydrodynamics describes the effects of 
liquids issuing from pipes and tubes, orifices or apertures, the 
motion of rivers and canals, and the forces developed in the 
action of fluids with solids, 

471. The quantity of a liqaid discharged in a 
^aU^^ma S'^^" *™'^ through a pipe or orifice is equal to a 
be discharged oolumn of the liquid having for its base the orifice 
from an arjjice gj. tjjg ^rea of the bora of the pipe, and a height 
given siiie! equal to the space through which the liqnid would 
pass in the given time, 
472. Hence, when a fluid issues from an orifice in a vessel, it is 
diaohai^ed with the greatest i-apidity when the vessel from which it 
flows is kept constantly full.* This ia a necessary oonsequence of 
the law that pressure is proportioaed to the boiglit of the colucan 
above. 

From what orifice 473. When a fluid spouts from several orifices 
joiU afluid spoat \a the si<]e of a vessel, it is thrown with the 
to the greatest greatest random from the orifice nearest to the 

474. A vessel filled with any liquid will discharge a greater 
quantity of the liquid through an orifice to which a short pipe of 
peculiiir shape is htted, than through an otiGce of the same size 
without a pipe. 

This is caused by the cross-currents made by the rushing of the 
' • from difierent directions towards the sharp-edged orifice. 



The pipe smooths the passage of the liquid. But, if the pipe pro- 
ject into the vessel, the quantity discharged will be diminished, 
instead of inoreased, by the pipe. 

475. The quantity of a fluid discharged through a pipe or an 
orifice is increased bj heating the liquid ; because heat diminishes 
she cohesion of the particles, which Ciists, to a certain degree, in 
all liquids. 

476. Water, in its motion, is ri^tarded by the 
a oirr^t of f'^i*'*^**'' "f the bottom and aides of the channel 
waier flows through which it passes. For this reason, the 
most rapidly, velocity of the surface of a running stream ie 






always greater than that of any other part. 



• The velocity with wliioli a liquid issnea from an infinitely ar 
the bottom ',1 sidoa of a, Taasol that is iiept fall ia equal to th 
avy body would iwquire by falliog fVom the level of the aurf 
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ISO 

477. fn eonaeimence of the friction of tlie banks and hfds of 
rivers, ftnd the uuinEroua obstacliga thej meet in tiieir circtiitiius 
course, their progress is slow If it were not for these impedimentB, 
the velocity n h h wate a would acquire would produiie very dis- 
astrous CO q nee An inclination of three incnea in a mile, in 
the bed of a wil g the current a velocity of about three 
miles an h ur 

478. To m h city of a stream at its surfiioe, hollow 
floating bodi 8 a u d ts, for esamplo, a ^iasa bottle filled with 
a sufficient quan y wate to make it sink just below the level of 
the curran , nd h vmg a mall flag projecting from the cork. A 
wheel may also be caused to revolve by Che current striking against 
boards projecting from the circumference of the wheel, and the 
rapidity of the current may be estimated by the nuinbei' of the rev- 
elations in a given time. 

How may the 479. The velocity of a current of water at any 
velocity of a jj^^ ^j. jj^ ^ jh may be ^. ,„ 

current at any ' . . ''i^- ">- 

depth be ascer- ascertained by immersing in 
lained? ;,, a, betit tube, shaped like a 

tunnel at tke end whioli is immersed. 

480. Fig. 70 is a tube shaped like a 
tunnel, with the larger end immersed in an 
opposite direction to the current The 
rapidity of the current is 
height to wliieh the water is forced into the j 
tube, above the surface of the current. By | 
Buch an instrument lie comparative velocity ^H 
of different streams, or the same stream at different times, may 




How are vsaoes 481, Waves are caused, first, by the friction 
camedf between air and water, and secondly, and on a 

much grander scale, by the attraction of the sun and moon 
exerted on the surface of the ocean, producing the phenomena 
of the tides. 

482. The contriving hand of a benovoknt Creator is «een more 
clearly in nothing, than in the laws and operations of the maie- 
riai world. Were it not for the almost ceaseless motion of the water 
the ocean itself would become a putrid mass. Decayed and decay- 
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i.-c; .n.ittfr wiinld he coTiBtantly It j tl n 1 1 ■" P ^"^ 
ij)>; Uie ntimiKiilJun;, undaprual ^ n ni d 1 C e y 

breathing inhuoitiiiit of tlie eiii'tl ihe leas n ot on n ses 

up the pulHunuuB ingredients, nnd pr cnts Va r floa ng on the 
Burfiwo," 

483. The eqnilihvium ofafl i codngto recent I s o e s 
cnnnot lie disturbed by waves to li greater depth tt an a) ut tl ree 
hundred and fifty times the altitude of the wave. 

484. When oil is poured on the ivindwurd side of a pond, the 
whoio surface will become smooth. The oil protects the water from 
the friotiun of the wind or air. It is said that boats have been pre- 
sen'ed in ii raging surf, in consequence of the Bailors having emptied 
a barrel of oil on the water. 



What are the 
prindiial hy- 
ilrauHc iTislnl' 
menu or ma- 
Maes ? 



485. The instr-umenta or machines for 
raising or drawing water are the common 
pump, the forcing-pump, the chain-pump, the 
siphon, tlie liydraulic ram, and the screw of 
Archimedes. 

n pump and the forolng-purap wiU bs P!g- H. 



nothing 



lon.l 



486. The Cham pump la 
Wluit ts the amacliinebywhichthewitei 
'Jltatn-pump < ■' 

19 lifted through i box or 

cliannel, by boaids fitted to the chmuel 
and attached to a chain. It his betn used 
principally on hoard of ships 

487. Fig. 71 represent'^ a Cham 
1^°'? pump. It consists of a square box 
through which a number of i juaie 
boards or buckets, connected by a oham, is 
made to pass. TbR chain passes o^ er the wheel 
and under the wheel D, which la under 
water. The buckets are made to fit the box, 




iT doa gned I 
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eo as to move with little friction. The upper wheel is turneil 
by a crank (not represented in the Fig,), which causes the chain 
with the buckets attached to pass through the bos. Each 
bucket, as it enters the box, lifts up the water above it, and 
discharges it at the top. 

488. The screw of Archimedes is a ma- 
Wftoi w W« chine said to have been invented hy the phi- 
chiinldes ? IcMiOpher Archimedes, for raising water and 

draining the lauda of Egypt, about two hun- 
dred years before the Christian era. 

Fig. 72 repre- ^ is- '^ ^ " 

^^l seats the screw of >^^ 

' Archimedes. A ■ \«' 1 



igle tube, or two tubes, 
e wound in the form of 
screw aiound a shaft or 



>'^-i 



cylinder, supported by the g-^ ' jt c ' -y.''\--r^. 
prop and the pivot A, and J » v "T -j! '" "^^ 

turned by the handle jt. B ' — — iiar-- 

As the end of the tube dips into the wat^r, it is filled with the 
fluid, which is forced up the tube by every successive revolution, 
until it is discharged at the upper end. 

489. The Siphon is a tube bent in the form 
What is tlie of the letter U, one side being a little longer 
Kpfton' jjjj^jj [.[jQ othor, to contain a. longer column 

of the fluid. 
490. Fig. 73 represents a Siphon. A ^'s- '3- 
^^ 2'i' Mphon is used by filling it with water or 
some other fluid, then stopping both ends, 
end in this state immersing the shorter leg or side 
into a vessel containing a liquid. The ends being then, 
unstopped, the liquid will run through the siphon 
until the vessel is emptied. In performing this experi- 
ment, the etid of the siphon which is out of the water 
tnust ttlwayi be below tJie swrfwx of the water 
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On wkatfrin- ^91- flie principle on which the siphon acta 
dpte does the j^^ tiiat the longer oolumn having the greater 
hjdrostjitie pressure, the fluid will run down in 
the direction of that column. The upward pressure in the 
smaller column will supply a continued stream so long as that 
column resta below the surface of the water. 

[N. B. Tkia principle will bo bettor understood after tho principle ia ex- 
plained on Avliich the operjitlon of the oommoQ pump depends ; for tb« 
upwihrd and domiward pressure both depend on the pressure of the atuies 
phere.] 

492. The siphon may be used in exemplifjing the equilibiium ot 
fluids ; for, if the tube be inverted and two liquids of different 
density poured into the legs, they will stand at a haght in an in- 
verse proportion to their specific gravity. Thus, ae the specifio 
gravity ot^ mercury ia thirteen times greater than that of water, a 
column of mercury in one log will balance a column of water in the 
other thirteen times higher than itself. But, if but one fluid be 
poured into both legs, that fluid will stand at equal height in both. 

Explain the lay *^^- ''^^ '■^J called Tantalus' * Cup consists 
called Tantalus' of a goblet containing a wooden figure, with a 
*'"?■ siphon concealed within. The water being 

poured into the cap until it is above the Lend of the siphon, 
rises in the shorter leg, which opens into the cup, and luns out 
at the longer end, which pierces the bottom 

Fig 74 

494. Fig. 74 represents the cup with the siphon, ^^^^ 
the figure of the man being omitted, in order that the [b [ j 
position of the siphon may be seen. ^L' 

495. Tnii Hydraulic RAMf is an inge- 

Whai is the Ha- . , . , , i ,■ , i 

drattlic Ram! Bious machine, constructed tor the purpose 
of raising water by means of its own im- 
pulse or momentum. 

• Tantalns, in Honthen mythology, is tepresented as the viotiro ot per- 
petual thiret, althongh plnced up to the ehin in a pool or water ; for, e9 soon 
as he attempla to stoop to drink, the nater flons anay from his grasp ; 
henoo onr Engliali ward lanialise takes its origin. In the toy desoribed 
above, the siphDU carries the water away liefore it reaoheB the mouth of the 
figure. 

t The Hydraulic Ram, nometiinos called by Its French nume, Beliir Hy- 
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490. Id the construction of an hj-draulio ram, tlieie must he, 
ill ttie first place, a spriug or reservoir elevated at least four o( 
live feet above the liorizoatai level of the machine.* 

Secondly, a pipe must conduct the water from the reservoir 
to the machine with a descent at least as great aa one inch for 
every six feet of its length. 

Thirdly, a, channel must be provided by which tlie superEii- 
ooa water may run off. 

407. The ram itself consists of a pipe having two apertures, 
both guarded by valves of sufficient gravity to fall by their oivn 
weight, one of which opens downwards, the other opening up- 
wards into an air-tight chamber. An air-vessel is generally 
attached to the chamber, for the purpose of causing a steady 
stream to flow from the chamber, through another pipe, to the 
desired point where the water is to be discharged. 
Explain the con *^^' "^'S' "^^ represents the hydraulic ram. 
strudion of the A B represents the tube, or body of the ram, 
Htjdraulic Ram havinjrtwo apertures, C and D, both guarded by 
byFig.75. , r, ■ ^ IT,- 

valves; U op em ng downwards, 1) opening up- 

dravliqnt, in Ita present form, wai inrontad bj Montgolfiar, of Montpelier. 
An Instrument or maohiae of a aimilar oondtnicCiou had been previously 
oonstruoted bj Mr, Whitehurst, at Chester, bnt umob lass perteel la lU 
miitia of actiiD, as iC required Co ba opened and ebut hy tbe band by 
maoiDS of a stop-eoch. MoDCgoiGev'a ma^liiae, on tba ountrary, is eat in 

* Suob aa elevition may easily be obtained in any brook or atroaoi of 
running water by a dam at Ite upper part of the stroara, to form a reser- 
Toir. It has been oalculatad that fur avery foot of fall in the pipe running 
from the reaervolr to tha ram suffieient power will be obtained lu raise 
about asistb partof tbe water to the height of ten teet. With a fall of only 
four feat and a half, sixty-three hundred gallons of water bave been raised 
10 the hei^jht of one hundred and tbirty-four feet. But, ebe higber the raa- 
ervoir, tbo greater tiw forae with wbtoh tbe hydraulie ram will aet. The ope 
ration of the principle by nbiab tbe bydraulie ram acts is familiar to those 
who obtain water for domsBtio purpoaas by'means of pipes from an elocatad 
reservoir, as is the ease in many of our large eities. A sudden stoppage of 
tbeflow, by turning tha cock tooquiokly, eausos a jarring of the pi|wa,whioh 
IS dbtinatlj perceired, and often loudly heard all over tbe building. This 
is daa Co the anideu ohange iron) a stale of rapid motion to a state of rest. 
The iaertia of tbe fluid, or its resistanoe fv a change from a sCata of rapid mo. 
tlun to a state of rest, a property whiDb It possesses io oominon with all utlier 
kinds of matter, explains the cause of the violent jarring of the pipes, the 
itopping of whieb arroeu the motion of tbe fluid ; and the viulonoo, which 
il in exact proportion tu tha momentum of the fluid, is somctimta so great 



wards, and both falling by their own weight. Let he now suppose 
the valve C to be open and D shut. The water, descending through 
tlie tube A B with, a force proportionate to the height of the 




;e3 up the ^alve Gaud cIo^ls the aperture thus 
suddenly arresting the i,anent and oausing bj its reaction a 
pressure throughout the whole length of the pipe ; this pressure 
forces up the valve D, and causes a portion of the water to enter 
the chainboi" above D. The cui'rent having thus spent its force, 
the valve C immediately falls by its own weight, by which 
means the current is again permitted to flow towards the aper- 
ture 0. TTie pressure at D thereby being removed, that valve 
immediately falls, and closes the aperture. IVhen this takes 
place, everything is in the same state in which it was at first. 
The water again begins to flow through the aperture at C, agaia 
closing that valve, and again opening D ; and the same effeola are 
repeated at intervals of time, which, for &e same ram, undergo 
but little variation. 

The water being thus forced into the chamber E, as it cannot 
return through the valve D, it must proceed upwards through 
the pipe G, and is thus carried to any desired point of dis- 
charge. An air-vessel is frequently attached to the oLamber 
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of the ram, which performs tte sam 3i t d t! 

forcing-pump, namely, to cause atdyt mtflwf 
tlie pipe G. The action, both of the m d th f j m 

without the air-¥essel, would be spas d 

. Springs' am "^ et — Sp g 
led by tl w t f m 
formed! ^^^^^ ^^^^ ^^^^^ p t t ih th 

descends until it meets a substance wh k t t p t t 

A reservoir is then formed by the uii f 11 t m ! 
ground,, and the water continues to umul t 1 1 t fi d 
outlet. 




^ 



Pig. 70 repi'QJcnts li Vi:rtic:il Bcctioii of the crust of the earth, 
8, c, and e are strata, either porous, or full of cracks, which per- 
mit the water to flow through, while b, d and f, are impervious 
to the water. Now, according to the laws of hydrostatics, the 
water at b will descend and form a natural spring at g : at i it 
will run with considerable force, forming a natural jet ; and at 
I, p and g, artesian wells may be dug, in which the water will 
rise to the respective heights g h,pJc, and I m, the water not 



» Tha aimplioitj and eoonomy of thij 
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: raising nator have oaraaa 


it to bo quite extensirel; adoptod in ttii 




rn States. When well oon- 


Btrnolad, an hjdraulio ram will last 1 


for joari 


s, involving no additional 


trouble and expense, more than oaoBS 


ionslly 1 


eatherlog the valvaa whan 


they hove been too mucb worn bj frioti. 


on. The 


1 oiiglD of the name will be 


readily perceived from the mode of Its i 
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buiDg allowed to como in contact witt tlie porous soil thtoagh 
whicli the bore is m;ide, but being brought in pipes to the sur- 
face ; at n the water will ascend to about o, and there will be 
no fountain. This explains, also, &e manner in wHch water' i 
obtained by digging wells. 

ffow high wiU ^00. A spring wUl rise nearly as high, but 
the water of a cannot rise higher than the reservoir from 
sjmng rise? whence it issues. 

Friction preyenta the water from rising quite as high as tiio reser- 

fij what height 501. Water may be convejeS over liills and val- 

may water be leys in bent pipes and tubes, or through natural 

conveyed in passages, to any height which is not greater than 

titbei ? the level of the reservoir from whence it flows. 



602. The ancient RomanB, ignorant of this property of fluids, 
oonsttucted vast aqueducts aerosB valleys, at great espense, to con- 
vey water over them. The modems oflect the same object by means 
of wooden, metallic, or stone pipes. 

503. Fountains are formed by water carried 

* ^wmerf^ through natural or artificial ducta from a reser- 

Yoir, The water will spout from the duets to 
iiearly the height of the =urfice of the reservoir. 

')04 In Fig 76. a fountain is represented at i, 
Eirplam the ishuing fiom the reservoir, the height of which is 
^U7,(«» by represented by a c. The jet at i will rise nearlv 
as high as e 
50t) A simple method of making an artificial 
fbuntxin may be unlerstood by Tig 77 A 
gliss wphon a i c IS immersed m a vessel of 
water and the air being exhausted from the 
siphon a jet will bi, pioduced at a, proportioned 
to the EnenesB ot the bore ind the length of the 
trabe 

[N B Tbe foree of this l.inl of art fioial jet is in 

* £iBal measure deicndcDt in a pneuuiiitio iriuoiijle J 
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506 Hero's Fotj\tii\ — The hyliauhc sn^truracnt cillcd 
Heio's Fountain is nn apparatus foi projecting ivaiei by means 
of (he piessuro of confinoJ an 

Fig 78 lepiesenis Iloros Fountain It consists of two vps- 
Fib '8 sels, both air-tight, and tomniunieutmg by a 

pipe, which, being iiipoited into the top of the 
lowei vew.el, reaches nearly to the top of the 
upper vessel which is m two parts, the upper 
part being filled with ■witfer, which de'-ceud's in 
I pipe seen on the right in the figure to the 
lowei vessel, and, as it fills the lowei le^e!, 
condenses the !iij,foicing it up thiough the left- 
hand pipe, d.nd oiusing it to piess on the sul- 
fate of the water in the lowei piit of the uppei 
vei*el The water in the uppei vessel is thus 
■ forced through the central pipe in i, jet, to a 
height neaily as gicat as the length of the pipe on the light 
Tte supply of water is tuniished m the upper pait of the upper 
vessel, which may always bo kept full by any csttrnal supply 

507, McCHANICALAGiSCi OF FLUIDS. — 
HojB does-waier -,,' . i ^ ■ i . c 

berome a me- ""■ter becomea a mechanical agent ot great 
cAankaUff/ml? power by means of its weiglit, its momentum 
and its fluidity. 
Tt 13 used as the moving power of presses, to raise portions of 
itself, and to propel or turn wheels of diffurent constructions, 
wliioli, being connected with machinery of various kinds, form 
inilis and other engines, capable of exerting great force. 

WhatisPneii- 508. PNEUMATICS. — Pneumatics treats of 
tiuUks? |]jg mechanical properties and effects of air 

and similar fluida, called elastic iluids and gases, or al'riforio 




fluids. 






Wlw/ is met 
bi/ im airifo 
fluid? 


"■'■ 509. Aeriform fluids are tho 
form of air. Ma.ny of them a 


« which have th 
re invisible,* o 



isible, exoept vben culured, nblQh !iapp«ns oaljr in a 
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nearly so and all of them perform yerj nj orient opeiationsin 
the matei il world But notw thstai ling thit they are in 
most iustineei impt,roe[ t bk to our ^iglit th y are really 
material jnd po'^e^s ill the essentiil popeites of matter. 
Ihey fos ea*- jIm) in an eminent degiee ill the properties 
wh ch havi. been a'ciibed to liquids in general besides others 
by which ih 'j aie diatingui&hed fiom lipids 

nn . - .. 510. Elastic fluids ue divided into twj classes, 

What IS the 

dijerence be- namely, permanent gases and vapors. The gases 
twemapenna- cannot be conTOrted into the liquid state by any 
avomiT''"^ known process of 3i't;*but the vapors are readily 

reduced to the liquid form either by' pressure or 
diminution of temperature. There is, however, no essential dif- 

n the meefeaica^ properties of both classes of fluids. 
511. As the air which we breathe, and which 

lurrounda us, is the most familiar of all this class 



Whai subjects 



in (he science of bodies, it is generally fcelected as the subject 
•^ * of Pneumatics. But it must be premised that 

the same laws, properlies and effects, which belong to air, belong 
in common, also, to all atrifcmn fiuiis or gaseous bodies. 

512. There are two principal properties of air, 
What are the namely, gravity and elasticity. These are called 
two 'priiKifal the principal properties of this class of bodies, 
^i!^^^'jL- because they arc the means by which their pres- 
gaseous bodies? ence and mechanical agency are especially ei- 

hibited. 
Whnt degree 513. Altliough the aeriform fluids all have 
ofeqhemeat- ^^{„\^^ they appear to possess no cohesive at- 
traetion hme o ' j rr i 

gaseousbodies? traction, 

514. The gi'eat degree of elasticity possessed by all aeriform 
fluiila, rendore them susceptible of coiii[iression and es|>flnsiuii to an 
almost unlimiteil e:(tent. Tiie repul-ion of their pnrtiiiles causes 
Oieiu to expand, while within cei-taio limits tliey are easily com- 
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„,, _, , 515. It may here be stated, tiat all the laws 

\\katlaw3 .„,,., , - , , 

pertain to airi- ^md properties oi liquids (wmen nave been de* 

form bodies in scribed under the heads of Hydrostatics and 

° * Hydraulics) belong also to aeriform fluids. 

The oliemieal properties of both liquids and fluids belong pecu- 
liarlj to the science of Chemistiy, ana ai-e not, therefore, considered 
in this Tolume. 

What is the ^16- '^^^ ^1' which we breathe is an elastic 

air which we fluid, surrounding the earth, and extending 
to an indefinite distance above its surface, and 
constantly decreasing upwards in density. 
™, . , 517. It has already been stated that the air 

atr in its most ^^ear the surface of the earth, bears the weight of 
condensed that which is above it. Being compressed, tJiere- 

whTf " *°'^' ^? ^^ weight of thit above it, it must exist 

m a i,ondensed foim near the surface of the 
earth, while m the uppei icgions of the atmosphere, where 
there ii no pressure it ]3 highly rarefied This condensation, 
or pipsoure is vtry similar to thiit of water it gieit dipths m 
the ae,L t 

518 As the air diminishes m density upwirds, it follows 
that it must be moie raie upon a hill than on a plain In veiy 
elevated situations it is so rare that it is scaicely fit foi respir- 
ation or breathing, and the expansion which takes place in the 
more dense air contained within the body is often painful. It 

* The tomiB " ru'efacthm " and " condensation," and " rorefied " and " con 

ifeiuei^," mu3l be clearly understood in Una connexion." Ibey are applied 

rsBpcctively to tbe eipansion and oompteseion of a bod;. 

t Tbo air is nseessnry to animal and vegetable life, and to combostiou. 

It is a ™ry heterogeneous mixture, being filled with vapora of all kinds. 

It consists, howe7er, of t»o priijcipal ingredients, called oxygen and 
nitrogen, or Bzote ; of the former of which there are twen^-ono parts, 
and of the latter sovonly-nine, in a hundred. Tbe air is not visible, b&- 
oausB it is perfectly transparent. It may be feltwhen it moves in th.) form 
of wind, oroy swinging the hand rapidly backwards and forwards. 
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oi'casioni di'^teii'sion and sometimes wiusjea the itiisting of the 
smaller blood i e'laels m the nose inl eir*. Besile^ in such 
bituations we are more exposed both to he^t and cold for, 
thoigh the atmo32here is itielf transparent lis lower legiona 
abcund with \&i ors an 1 exhdUtions from the earth which float 
in it and a(,t in some degree as a eovenng which jieoerves us 
equally from the intensity of the suns ray^ and fiom the 
severity of the cold 

519. Besides the two principal properties, gravity * and elasticity, 
the operations of ivhich produce most of the plienoinena of Pneu- 
matics, it will bo recollected that as air, although an invisible is 
jel a material substance, possessing all the comiuon properties of 
matter, it possesses also the common property of tinpenelTability. 
This will ba illustrated by esperimenta. 

Where is the ^^^' '^'^^ pressure of the atmosphere caused 

'e of the by its weight is exerted on all substances, inter- 
nally and extemally, and it is a necessary ponse- 
W pressure •' •' •" 

noa a man of quence of its fluidity. The body of a man of 
mmmon slat- comnion BtatT.-e has a surface of about 2000 
fromihe squari- inches whence the pressure, at 15 pounds 

■weight of the per square inch, will be 30,UOO pounds. The 
""'■ reasjn why this immense weight is not felt is, 

that the air within the body and its pores counterbalances the 
weight of the exteinal air. When the esternai pressure is arti- 
ficially removed from any part, it is immediately felt by the 
reaction of the internal air, 

,„. „ 521. Heat insinuates itself between the partielea 

What effect , „ , , . . . 

has heat itjion of bodies and Jorees them asunder, in opposition 
air and other tg the attraction of cohesion and of gravity ; it 
elastic fluids ? ti,efcfore exerts its power against both the attrac- 
tion of gravitation and the attraction of cohesion. But, as the 
attraction of cohesion docs not exist in aeriform fluids, the 
expansive power of heat upon tliem has nothing to contend with 
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Ijut gravity Any inoiei=e of toniperafuie theiefure espancis 
an elast c fluid piodigiouslj, and a diminution of liEit con- 
denses it 

,„, . , 522 A column of air, havmK a ba=e an :ii h 

What is/ks , , , ,. , 

weight of a square, and reaching to the top ot the atnio- 
column of air sphere, weiifha about fifteen pounds This pre'-S- 
TJqm^7nc{^ me, like the piessme of liquids, is exerted 

equally la all directjona 
What is mrant 523 The elasticity of air and other aeriform 
bylhedashaly fl„j^j, ,a that property by nhich they are in- 
ot/uT aeriform ereased or dimmi'Jied m extension aecoiding ia 
fluids? tiiey aie compressed 

What ifect 524 This property esi'^ts in a niu'-!i gu itei 

hasanin rease degiee in an and other Similar fluids than m any 
or a (ftinina- qi]^qj. substance. In fact, it has no known limit ; 
turn of pressure ' ' 

upon an aeri' for, when the pressure is removed fi'om any por- 
formbodyi [Jq^ pf aJ,.^ it immediately expands to such a 
degree that the smallest quantity will difl'use itself over an 
indefinitely large space. And, on the contrary, when the press- 
ure is increased, it will be compressed into indefinitely small 
dimensions. 

Wliat is Ma- 52)j. The elasticity or pressure of air and 
rioLte's Law ? j^]] ggjea is in direct proportion to tbeir dens- 
ity ; or, ivhat ia the same thing, inversely proportional to 
the space ivhich the fluid occupies. This law, which was 
discovered by Mariotte, is called '^ Mitriotle's Law." 
This kw may pcrhapa be better expressed in the following 
language; namely, ihe density of an elaslic fluid is hi 
direct proportion to the jiressure which, it sustains. 

How does air 526. Air becomes a Ececbanic&l ageni by 
become a me- ^ ., * i . -i i t- -t '<. - 

chankal means of its wfaight, its tlastiL'ityj its ;neiUa, 

agent ? and its fluidity. 

With what ^2^- Thejluidit^' of .ir i?iveits 21, as it JuYcsts 

fvieer duei all otter liquids, wii.h I'hs potner ^f trans -idiling 
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fiuiihiy invest pressure. But it has already been shown, under 
ajlvidr ^]|g jjg^j ^f Hydrostatics, that fluidify is a neces- 

Bary conscriuenco of the iudependent gravitation of the parfiolea 
of a fluid. It may, therefore, be included among the effects of 
weight. 

53S. The inertln of air is exhibited in the reaiBtance wbicl! it 
opposes to motion, which bos iilready been noticed under the hea.d 
of Mechanics.' This is cleiirly scan in its effiicts upon Killing 
bodies, as will be exemplified in tlie experiments with the air-pump. 

WAtit is a 529. A Vacuum is a space from which air 

Vttcumif j^ji(j every other substance have been removed. 
. 530. The Torricellian vacuum was discovered 

miisi perfect by TorricelH, and was obtained in the following 
vacvum i/iai manner ; A tube, closed at one end, and about 
l^nilt thirty-two inches long, was filled with mercury ; 

the open end was then covered with the finger, so 
as lo prevent the escape of the mercury, and the tube inverted 
and plunged into a_ ve^el of mercury. The finger was then 
removed, and the mercury permitted to run out of the tube. It 
was found, however, that the mercury still remained in the tube 
to the height of about thirty inches, leaving a vacuum at the 
top of about two inches. This vacuum, called from the dis- 
coverer the Torricellian vacuum, is the most perfect that has 
been discovered.t 

• The fly, as it is caUed, in tho meohonlaiB of o dncfe hy which the lioura 
are strDuk, ia an iDstanae of the apiilicatiun uf the inn-tia of ihe air in 
Slechaiitas. 

t Turrioelti irns a. pupil of the cetebnited Galileo. Th« Grand Dokc of 
Tusoanj having had a ^eep welt dug, the woriEtnea found tbat the water 
vould rise no higher tliau Uiirty-two feet. G»lileo was appited to for an 
Dxplanation of the reason without euooess. Torrioelli conceived ttie idea of 
Buftstitntiug mercur; for water, arguing that if it was the presBure of the 
atmosphere that would laise ttio water in the pump to the height of thirty- 
two feet, that it would suEtain a oulumn of merour; only one-fourtsenth aa 
blgb, or thirty loohes oaly, en neoount of its greater spcciflc gravity. ]Ia 
therefoi-e determined to test it hy esperiment. He accordingly filled a 
amall glass tnhe, aboot four feet long, witti nierottityi and, stopping the 
open end with his finger, he inverted it into a baain of mercury. On 
removing hia finger, the mercury immediately deaoended in the tube, and 
stood at the height of about thirty inches ; thus demonstrating tlie faot 

ease, and of the water in the othei', that suatainod the column uf metoury 
Vu tbe tubt, aod. uf the watst lu tits pumi^ 
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531. As thia is one of the mnat important diaeoyeries of the 
science of Pneumatiis, jt is thought to be deaerving of a labored 
espianatjon. The whole phenomeoon ib the result of the equilibrium 
of fiuida. The atmoaplieie, preaBing b^ its weight (fifteen pounds 
on every equiire Inch) on the aurlaoe ol the mercury in the veesel, 
oounteraoiaed tho column of ineri,ury in the tuhe when it was about 
thirty inches high, showing thereby that a column of the atmo- 
sphere is-equal in weight to a column of mercury of tho same base, 
having a height of thirty inches. Any increase or diminution in 
the density of the air produces a corresponding alteration in its 
weight, and, consequently, in its ability to sastwn a longer or a 
shorter column of mercury. Had water been used instead of mer- 
Eni7, it would have required a height of about thirty-three feet to 
counterpoise the weight of the atmospheric column. Other fluids 
ina^ be used, but the perpendicular heiglit of the column of any 
flui4, t« counterpoise the weight of the atmosphere, must be us 
much greater than thatof morcurvas the spociflcgravity of mercury 
esoceds that of the fluid employed. 

532. This discovery of Torricelli led to the construction of the 
barometer,* for it was reasoned that if it waa the weight of the 
atmosphere which sustained the column of mercury, that on ascend' 
ing any eminence the column of mercury would descend in pro- 
portion to the eleTation. 

What is a Ba- 533. The Barometer is .an instrument to 
rometer? measure the weight of the atmosphere, and 

thereby to indicate the variations of the weather-l 

534 r g 83 I tab n t It p,g ,b 

^^^^, ns Is of I la t b > t th ty 

th m h n 1 ngth 1 1 t th jp 
end, and HU d witi m j Tb t b tl n n 

Terted inai Ithb fn ynwhh 

(lie pressu. 1 th atm ph js t d A the 

tube is dosed at the top, it is evident that the mcr ury 
cannot descend in the tube without producing a \ ac lum 
The pressure of the atmosphere (which is capable of 
supporting a column of mercury of about thirty inches 
in height) prevents the descent of the mercuiy, and 



» Among those to wiom the world is 
iromoter, and its applioations in scioni 
'oECarlos, Pascal, Morienne and Boyle. 


1 indobted for the iavenfj 
M, may be mentioned the 
, The original idea is due 


-Ill's experiment. 

t Tba word baiBmaer ia from the Are 
tigla," tliBt U, of tbe ctnioEpherB. 


ok. and slgulBe^ " a mca. 
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the insti-ument, thus constructed, heeouies an implement ftp 
flsoertaining the weight of the atmosphere. As the air varies 
in weight or pressure, it must, of cour&e, influence the mercury 
in the tube, which will rise or fall in exact proportion with the 
pressure. When the air is thin and light, the pressure is less, 
and the mercury will descend ; and, when the air is dense and 
heayj, tho mercury will rise.* At the side of the tube there 
is a scale, marked inches and tenths of an Inch, to note the rise 
and fall of the mercury. 

536. The barometer, as thus constructed, only required the 
addition of an index and a weather-glass, as seen Rg.so. 
in Fig. 80, to give a fair and true announcement .aarfoag. 
of the state and weight of the atmosphere. The ijntnn.ii 
instrumenia are now manufactured in several dif- n-Jj „, 
ferent forms. The different forms of the barometer "ijf 
in general use are the common Mercurial Barom- ull 
eter, the Diagonal, and the Wheel Barometer, all "|[ "'" 
of which are constructed with a column of mer- 
cury. The Aneroid or Portable Barometer is a 
new instrument, in which confined air is substi- 
tuted for mercury. This is a convenient form of 
the instrument for portable purposes. But the 
principle is the same in all, and repeated observa- 
tions during the ascent of tho loftiest mountains 
in Europe and America have confirmed the truth 
of barometrical announcements ; for, by its indi- 
cations, the respective heights of the acclivities in 
high regions can now be ascertained by means of 
this instrument better than by any other course, / ^ 
— with this advantage, too, that no proportionate l„ . , i 
height need be known to ascertain the altitude. t ^^ 

» Xha alaBticity of the nir oanaes an inoreaao or diminution of its bulk, 
acoording us it is aSaotad by heat and cold ; and this incraaee and diminu- 
tion of bulk materially affect its specifio gravity. The height of a oolamn 
of msrcury that can bo Bustainod by a column of the atmosphere must, 
tlierefore, be affected by the state of the atmosphere. 

t From the explane.tion nhioh hue non been eiven of the bur 
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fht. hat T ^^^' ^^ pressure of the atmosptere on the 

ciple is the ba- mercury, in the bag or cup of a barometer, being 
remcur con- exert«d on the principle of tlie equilibrium of 
Mrvxtedl „ .. . "^ ' •. ^ ., ■, .. 

fluids, must vary according to tlie situation in 

wliieli the barometer is placed. For this reason, it will be the 
gi-eates:t in valleys and low situations, and least on the top of 
high mountains. Heiioo the barometer is often used to ascei-- 
taift the height of mountaius and other places above the level of 
the sea. 

H'/ien is the ^^^- '^^ ^''^ '^ *'^^ heaviest in dry weather, 
atmosphere and consequently the mercury will then rise 
heanest I highest. In wet weather the dampness renders 
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evlnoa violeot and frequent alteration. His oxperienee CL>ld him to expect 
bad weather, and he mentioned it tu bis fiieod. liia oouipanion, however, 
only laughed, for the day was splendid in the estremo, the aun was shining 
vitli its utmost brilltanoe, and not a cloud apecked the deop-blne aby 
aboro. But Captain Hall was too uneasy to bo satisfied with bare appear- 
anoea. He hurried his friend to his ship, and gave iiQuediate direoUons 
for shortening the top hamper of the frigate as speedily as possible, ille 
lieutenants and the men looked at him in mute surprise, and one or two of 
bo euggest the inutility of the prooeediug. The oap. 

g aa poaeible. Hia frleod, on the eontiary, stood. in under every salt. 
!ae nisdum of Captain Hall'E proceedings was, however, speedily eH- 
t ; juat, indeed, as he was beginning to doubt the aoourooy of hia 
Irument. For harfly had the necaaaary preparations boon made, and 
la hia eye was ranging over the vessel to see if hia instinotions had 
n obeyed, a dark, hazy hue was seen to riao in the horizon, a leaden 

rioanes burst npon the vessels that ever Eeainan encountered on his 

ts went by the boaid, and she was loft a eomplete ivreok on tbe tem- 

;uous surf which raged around her, while the frigate was driven wildly 

ig at a turiuus rate, and hod to scud under bare poles across Ihe wide 

' 9, before ib could be Bud tbitt «h« nM in 
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the air less salubrious, and it appears, tJierefore, more heavy 
theu, altkough it is, in fact, much lighter, 
A^ what time ^^^- '^^^ greatest depression of the bai-ometer 
of Ihe day is occurs daily at about four o'clock, both in the morn- 
, '"S'^'^ jng and in the afternoon ; and its highest elevation 
state of the at about ten o'clock, morning and night. In sum 
barometn}' ? mgr these extreme points are reached an hour or 
two earlier in the morning, and as much later in the afternoon. 

63!>. Rules have been proposed by which the changes of the 
weather may be predicted by means of the barometer. Ilence 
the graduated e<Jge of the instrument is marked with the words 
" raiM," "fair" " changeabh." "frost," fc. These espressiuns 
Are predicated on the Hssumption that the changes of the weather 
may correctly be predicted by the absolute height of the mereury. 
But on this little reliance can be placed. The best aathoricies iigroe 
that it is rather the change in Ike height on which the predicatiuna 
must be made. 

540. As the barometer is much used at the present day, it has 
been thought eipedient to suljuio a few general and special rules, 
from different authorities, by which some Knowledge of the uses of 
the instrument may be acquired. 

S41. General Riles iy iMwA Chinga of ths Wealher may be progHoHi- 

caled by meani of lie Bwomelcr.' 
(1.) Gonarallythe tiaing of the mercury Indioatea the approach of fair 

(i.) In sultry weather thB foil of the metoury indieates ooroing thunder. 



tlauaLIy rissR, a loQg Baceesaion of fair ireather nli[ pmbably succeed. 

(6.) A fluctnatiDg and unsettled state m the uiercutial culumn lodioates 
ehangoftble weather.— Lordlier, pa/jt 15, Pneumolics. 

64^ Special Rulca by which Im may know the Changes of the Weather by 

means of the Barometer.^ 
(1.) The barometer is bighaatof all during a long ftoat, and it generally 
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(2.) The barometer is lowest of all during a thaw which follows a long 
frost, and it generally falls with a south or east wind, 

(3.) While the menjury io the barometer standa above 30^, tlia ale must 

(4!) When the merou'rj stands very low Indeed, there wUI oevcr be much 
lain,- although a fine day nill seldom ooeur at suoh times. 

(5.) In summer, after a long oontinuflnba of fnir weather, the barooietcr 
wtll full gradually for two or three days before rain falls ; bnt, if the fall 
of the mercury he very sudden, a thunder-storm may be expcetbd. 

(6.) When the sky is cloudless and seems to promise fidr weather, if the 
barometer is low, the £ice of the sky will soon be suddenly overcast. 

(T.) Dark, dense clouds will pass over without rain when the barometer 
ia high ; but If the barometer be Intr it will often rain without any appear- 
unco of clouds. 

<8.) The higher the meronry, the greater probability of fair weather, 

(U,) When the meronry is in a risingstate, fine weather is at hand ; but 
irhen the meroui-y is in a falling state, foul wcatJier is near. 

(10.) In frosty weather, if snow falls, the moroury generally rises to 
30 .where it remains solong as theanowoontinues tofall; if after this the 



So[ilembar and April. It is the lowest in November and Fobruary; then ill 
October, July, December and January. 

[These rules are from Dr. Brewer's work oalled " The Soieooe of Familiar 
Things."] 

543. Of the Diffkiient Stateb of thk Babombteb. — Of the Fall of the 
Bamoieier In very hot weather the fall of the Barometer indicates thun- 
der. Otherwise, the sudden fall of Che barometer leads to the expectation 
of high wind. 

In frosty weather the fall of the barometer denotes a thaw. 

If wet weather follow soon after the fall of the barometer, but little of 
»ttoh weather may be enpeoted. 

In web weather, if the barometer falls, expect maeh wet. 

In fair weather, if the barometer falls and remains low, eipeot much net 
In a few days, and probably wind. 

The barometer sinks lowest of all for wind and rain together; neit to 
that for wind, except it be an east or north-eaat wind. 

514. 0/ Ihe Else of Ike Baromeler. — In winter the rise of the barometer 
presages frost. 



t weather, if the mereury rises high and remains so, espeot continued 
•her in a day or two. 
weaUier, if the mercury risaa suddenly very high, line weather 

sUghest of all for north and west winds; for all other 

- in an Uasctiled Stale. — If the motion of tliB mercury 
in settled weather. 
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donaivard Indiwtes tlie npproa^b. of foul iicatheit 

What is the ^46. Thb Thbrmometeb. — TJie Ther- 
Thermomeier, mometer * is an instrument to indicate the tem- 
principle is it perature of the atmosphere. It is constructed 
amilructed? on the principle that heat expands and cold 
contracts most substances. 

547. The thermometer consists of a capillary tube, closed at 
the top and terminating downwards in a bulb. It is Slled with 
Wccoury, which expands and fills tbe whole length of the tube or 
oontracta altogether into the bulb, according to the degree of 
heat or cold to which it is exposed. Any other flnid may bo 
used which is expanded by heat and contracted by cold, instead 
of mercury. j^, ai. 

548. On the side of the thermometer is a scale to f^ 
indicate the rise and tall of the mercury, and conse- 
quently the temperature of the weather. 
What scale is ^^^- There are several different scales 
adopted for the applied to the thermometer, of which those 

of Fahrenheit, lleaamur, Dclisle and Cel- 
sius, are the principal. The thermometer 
ise in this country is graduated by Fahren- 
heit's scale, which, commencing with 0, or zero, extends 
upwards to 212 degrees, the boiling point of water, and 
downwards to 20 or 30 degrees. The scales of Eeau- 
mur and Celsius fix zero at the freezing point of water ; 
and that of Delisle at the boiling point. 

What is ihe 550. Thb HYGROMETER, — The Hygrom- 
Hygrometer! eter is an instrument for showing the degree 
of moisture in the a 



^hral." "Hydrometer" 
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Until is U con- 553 ■ The hygroniete m u d f 

iiTu:;ted ? any material which drjn =a n u p ds 

or contracts ; such as moBt kinds of w d gu w d oo d 

the beard of wild oats, &;c. It is some m da 

scale balanced by weights on one sid d h 

substance which readily imbibes moisti h 

532. By the action of the sun's hea h 

e«rth, whether laud or water, imniense q p d 

into the atinoBphere, supplyiag materiala for all the water which Is 
deposited again in the various forma of dew, fog, ruin, snow, and 
iiail. Experiments have been made to show the quantity of moist- 
ure thus raised from the ground by the heat of the Bun. Dr. Wat- 
son, found that an acre of ground, apparently dry and burnt up by 
the sun, dispereed into the air sixteen hundred gallons of wafer in 
the space of twelve hours. His experiment was thus made ; He put 
a glass, mouth downwards, on a grass-plot, on which it had not 
ramed for above a.month. In less ftian two minutes the inside was 
covered with vapor ; and in half an hour drops began to trickle down 
its inside. The mouth of the glass was 20 square inches. Tiiere 
are 1296 square inches in a squara yard, and 4840 square yards in 
an acre. When the glass had stood a quarter of an hour, he wiped 
it with a piece of muslin, the weight of which had been previously 
ascertained. When the glass bad Been wiped dry, he i^ain weighed 
the muslin, and found that its weight had increased sis ^ins by 
the water collected from 2(1 square inches of earth ; a quantity equa' 
to 1600 gallons, from an acre, in 12 hours. Another esperiment, 
after rain had fallen, gave a much larger quantity. 

553. When the atmosphere is colder than the earth, the vapor 
which arises from the ground, or a body of water, is condensed and 
becomes visible. This is the way that fog is produced. When tlie 
earth is colder than the atmosphere, the moisture in the atmosphere 
condenses in the form of dew, on the ground, or other surhioea. 
Clouds are nothing more than vapor condensed by the cold of the 
upper regions of the atmosphere. Rain is produced by the audden 
cooling of h.i^ quantities of watery vapor. Snow and bail are 
produced in a similar manner, and difier mim riun only in the de- 
gree of cold wbioh produces them. 

What is the 554. The Diver's Bell or Diving-bell. 
Biving-beU, — The Diving-bell is a large vessel shaped like 
and on what . , i .. ^ - i ■ i 

principle is it ^'^ inverted goblet, m which a person maj 
constructed? safely descend to great depths in the water. 
It is eonstrueted on the principle of the impenetrability of 
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555. It lias alrondy been stated that air, being a material sub- 
Ktance, possesKes all tlie given essentiai iiroperties of mutter, and 
ainung tliuin tbe property of impKnelriibility. The weight of the 
(ur giving it ii pressiiii! inevery direotiim.or the property of Huidity, 
it penetrates and lills all things around uB, unless by meohaniuul 
Qieuns it be airefaily oxdiided. An open vei4eel,of whatever kind, 
ia ulmijs full cither of air or of some other substanee, and unless 
the air is first permitted to escape no other aubstanca can take the 
plikoe of the air. 

550. If a tumbler be inverted and immersed in water, the water 
will not rise in the tumbler, beoituse Che air in the tumbler fills it. 
If the tumbler be inclined so as to let the air ascend in obedience to 
the law's of the equilibrium of Saids, the water will rush in and dia- 
place the air, while the lighter air, ascending, rises to the surface of 
the water. If this experiment be Wivde with a bottle, the air will 
rise in bubbles with a gurgling sound. The same experiment may ha 
made with a tube closed at one end by the finger ; the water will not 
enter the tube until by tlie removal of the fin^r the nir he permitted 
to escape. It is on this principle that the diving-helt is constructed. 

557. Fig.82re] 



Explain the con- ,..,„>. ■ . j> 

slracliort of the diving-bell. It oonaists of a 
dicing-bell by large heavy vessel, formed 
^S- 82. li^g ^ jjgij j^yt j„ayi,g njade 

of any other shape), with the mouth open. It 
descends into the water with its mouth down- 
wards. The air within it having no outlet, 
it is compelled by the order of speciflG grjiv- 
ities to ascend in the bell, and thus (as water 
and air cannot occupy the same space at the 
same time) prevents the water from rising 
in the bell. A person, therefore, may de- 
Boend with safety in the bell to a great depth 
in the sea, and thus recover valuable articles 
that liave been lost. A constant supply of 
fresh air is sent down, either by means of 
barrels, or by a forcing-pump. In the Fig. 
B represents the bell with the diver in it. C if 
lie tube attached to one side and reaching the air within; and 
P is the forciug-punip through which air is forced into the bell. 
The forcing-pump is attached to the tube by a joint atl). When 
the bell descends to a great depth, the pressui'e of the water 




a bent metal- 
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condenaes the iiir witliin the bell, and causes tie water to ascend 
in fclie bell. This is forced out by constant accessions of fresh 
air, supplied aa above mentioned. Great care must be taken 
that a constant supply of fresh air is sent down, otherwise the 
lives of those within the bell will be endangered. The heated 
and impure air is allowed to escape through a sl«p-cock in (he 
upper part of the bell. 

558. Tub Common Water Pump. — 

^ "^ W te d fh mm I p bj 

P f m f th p f tb t phere 

Id t^ ' ft' t -^ ^"'"^'^ 

* bgpoddby ghptnor 

^ P P I h th te i 1 E- sa. 

f d p by tl t ph p th 

p il f tl eq lib m f fl 1 tl 

P pi a t b 1 ly t t! 

h ght f b t th tj tl f 1 th 

p f tb t [h -w 11 1 mn 

f w t f tl 1 1 gU nly 

'JS F 83 p 

F 3 p mp mp p ly 

p mp Th b ly 

p[ li 1 w 1 t h h 



wny Had close it in tiie other. Tali 
30rding to the use fnc whiol. they aro ii 
&j are generally made of thick leather 

1, The clapper of a pair of bellows is 
le vftlTas of a pump are ooiinnonly called 




tended. In the coram. 

partly ooTSred with hoocI. In 

or thin leaUior softened with 
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pump, below the piston. When the pump is uot in actiiin, t!xe 
valves are closed by their own weight; but when the piston ia 
dtd ptl Im twt wlh&.tdp t 

pig b tw th p t d th ] w 1 y 

Th w t 1 I w d t !j I es th f,l tl 1 w I 

d fill th Wl th I t d d d t m 

th t th b dy f th p mp p ti li th 1 

■\ d t! t f tl p t 1 ft d p I y th J t 

1 m g fmdblwwhh mitly 

fill d by th w t h tl gh th 1 w 1 Y In 

thi3 mai er the body of the pu p sfillelwthwt , tl t 
reaches the spout S, where it runs out in. anuninterniptedstreaui. 

560, In the description here given of the common pump, as 
well as in the figure, it will be observed that the common form 
of the handle of the pump is not noticed. The handle of the pump 
is merely a lever of the £rst kind; the fulorum is the pin which 
attaches it to the pump, and the iron tod connected with the 
upper valve of the pump is raised or depressed by means of the 
handle. 

561. Although water can be raised by the atraogpheric pressure 
only ta the height of thirty-three feot above the surface, the com- 
mon pump is so constructed that after the pressure of the atmos- 
phere has forced the water through the valve in the body of the 
psimp, and the descent of the piston has forced it through the valve 
in the piston, it is Ufied up, when the piston is raised. For this 
reason, this pump is sometimes called the lifling pump. The dis- 
tance of the upper valve from the surface of the water must never 
exceed thirty two feet and in piaotice it must be mu-h less 

662 The Forcini. ump The Forcing 
How does th' ] D- p i-L 

Forcing-jiwnp pump difier'" irom the common pump m 
differ fiom the having a forcing power -idflel to laise tlie 






water to any dc&ired height 



^63 Fig 84 repiesenfs the foicingpump The 

^^^84 ^^'^^ '■"'^ '°"^'" ^^^""^ ^ ^'® simdar to those m the 

(.ommon pump The pi ton P has no valve hiit is 

solid; whti thuictore the vicuum is proluted above the 
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lower valve, tie water, on the descent 
of tiie piston, is forced ttii'ougli tho tube 
into the reservoir or air-vessel K, wliero 
it compresses tlie air above it. The air, 
by its elasticity, forces the water out 
through the jet J in a eontinued stream, 
and with great force. It is on this prin- 
ciple that fire-engines are constructed. 

Sometimes a pipe with a valve in it is 
substituted for tho air-vessel ; the Water 
is then thrown out in a continned stream, 
much force. 

564. The Firb-bmgine consists of two foroing- 
How IS the p.jnjpg^ worked successively by the elevation and 
constTMcled ? depression of two long levers of the second kind, 
called " Brakes," 




but not with s 




What u the 
Air-pump, and 
on what prin- 

alrucled? 



565. The AiE-puMP. — The Air-pump ig 
a machine constructed on the principle of the 
elasticity of the air, for the purpose of ex- 
hausting the air from a vessel prepared for 
the purpose. This vessel is called a receiver, 

and is made of glass, in order that the effects of the removal 

of the air may be seen. 

566. Air-pumps are made ia a great vnriety of forma ; but all 
are oeostrueted oo tho principle thiit, wbuii any portluu of uoiiCiied 
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sir is removed, the residue, immediately espanding, by ita elasticity 
lills tlie spiieo oeeupied Iiy the purtion that has been withdrawn, 

567. Fig. 86 represents a single-barrel air- 

1 of the pi'Dp. i>sed both for condensing and exhausting. 

o^^-pK^^P liy A D is tho stand or platform of the instiu- 

ment, which ia screwed down to the table by 






Fig. 8' 




moans of a clamp, underncatli, 
which is not represented in the 
figure. K is the glass vessel, 
or bulbed receiver, from which 
the air is to be exhausted. P 
is a solid piston, accurately fit- 
ted to the bore of the cylinder, 
and H the handle by which it 
ismoied The dotted hne T 
repiesents the communic ton 
between the receiver R in 1 the 
bairel B it is a tube thio igh 

which the a r entering at th openm, I on the jlate of the 
pump parses into tie farrel through the esh-iusting Vdlve b v. 
V IS the condi-nsing ^al^e communieat ng with the barrel B 
by means of an ipertuie near B and O] ening outwards through 
lie oondensmfj p pe p 

Eir>!am the op- ^^^- The operation of the pump is as follows ; 
nation of tlie The piston P being drawn upwards by the ban- 
oir-pi^p by 5ie H, the air in the receiver % espanding by 
"' ' its elasticity, passes by the aperture I through 

the tube T, and through the exhausting valve e v, into the bar- 
rel. On the descent of the piston, the air cannot return through 
that valve, because the valve opens upwards only : it must, 
therefore, pass through the aperture by the side of the valve, 
and through the condensing valve o v, into the pipe p, where it 
passes out into the open air. It cannot return through the con- 
densing valve c V, because that valve opens outwards only. By 
continuing this operation, every ascent and descent of the piston 
P must render the air within the receiver R more and more 
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rare, until its elastic power is exhausted. Tl 
Said to be eshawsted; aad, altKongh it still contains a small 
quantity of air, jet it ia in so rare a state that the space within 
the receiver is considered a vacwum. 



569. From this statement it will appear that a, perfect vacuum 
can neTer bs obtained by the air-pump as at present oonBtmoted. 
But BO much of the air within a receiver maj bo eihauated that the 
residue will be reduced to Buch a degree of rarity aa to subaerve 
most of the practical purposes of a vacuum. The nearest approach 
made to a perfect vacuum is the famous experiment of Torrioelli, 
which has been explained io No. 530. That would be a perfect 
vacuum, were there not vapor rising from the mercury. 

570. From the explanation which, has been 
SriJri S™ of 4he opmlion of IM. .ir-p.op, it will 
iy means of the readily be seen that, by removing the receiver 
^puiAichhas R^ and screwing any vessel to tho pipe^, the 
air may be condensed in the vessel. Thus the 
pump ia made to exhaust or to condense, without alteration. 

What ia a con- ^^^' -^ir-puiiips in general are not adapted 
Sensing st/r~ for condensation ; that ofSce being performed by 
tngef g^g instrument called " a condensing syringe," 

which is an atr-pump reversed, its valves being so arranged as 
to force air into a chamber, instead of drawing it out. Bor 
this purpose, the valves open inwards in respect to the chamber, 
while ia air-pumps they open outwards. 

572. A guage, constructed on the principle of the barometer, is 
sometimes adjusted to the air-pump, for the purpoae of exhibiting 
the degi'ee of exhauaHon. 

How does the 5^2- ^« ^'^'it>l« air-pump differs from the 
double air-pump single air-pump, in having two barrels and two 
diff^ from the pjgtons; which, instead of being moved by the 
hand, are worked by means of a toothed wheel, 
playing in notches of the piston-rods. 

Fig. 87 represenia an air-pump of a diflerent oonstruotion. 
In this pump the piston is stationary, while motion is given to the 
barrel by means of the Jever H. The barrel is kept in a proper 
position by means of polished steel guides. 
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Ltis of the aiT-pDinp many intorLSting oxjerimeDts 
miiy lie performtd illustrating the grantj elasticity, fluidity, ncid 
inertia of air 

575 E\PEI1IMBNTS IlLU TRAflNC THt. Gs/iVlIT OF AlB, HSTing 

adjusted the reoeiwr to the plate of the air pump eshauat the nir 
and the reoeivr will be Ii^ld flrmly on the plnfo The force which 
coofinea it is nothing more than the weight of tho external air 
which, haying no internal pressure to contend with, presses with a 
force of nearij fifteen, pounds on eyerj square inch of the external 
surface of the receiver. 

576. The exact amount of pressure depends on the degree of ei- 
hauation, heing at its maximum of fifteen pounds when there is a 
perfect vacuum. On readmitting the air, the receiver may be readily 
removed.* 

577 The MAGCEBTmciH Cups, or Hemi- 
'mliebur h^^ SPHERE — Fig 88 rcpre'fents the Magdeburgh 
Cufs, and v.hai Cups, or Hemispheres They consist of two hol- 
do llwj lUm low brass cups, the edges of which are accu- 
rately fitted together They eacli have a handle, 

* TtB alt 11 laadmittBd into ths rooeivoi bj taroing a screw nliich is in- 
Bcrteil Into tlie leoBivci id whioh there is ao aperture, throngh whloh the 
eiturim) air tushes wLth ouusiilurable furoe. 
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to one of whicli a fctnp-ooek la fitted. The stop- 
cock, being attached to one of the cups, is to be 
screwed to the plate of tlio air-pump, and left 
open; Having joined the other cup to that oa 
the pump, eshaust the air from within them, 
] turn the stop-cock to prevent its readmisBion, 
I bcrew the handle thai had been removed to 
the stop-cock. Two persons may then attempt 
to draw the cupa asunder. It will be found that 
great power is required to separate them ; but, 
n readmitting the air between them, by turning 
the cock, they will fall asunder by their own 
weight. When the air is exhausted from within them, the press- 
ure of the surrounding air upon the outside keeps them united. 
This pressure being equal toapressureof fifteen pounds on e\eiy 
square inch of the surface, it follows that the larger the cups 
or hemispheres, the more difficult it will be to sepaiate them 

578, The Magdeburgh Cups derive their name finm the city 
where the especiment was lirst attempted. Otto Gooncke con- 
suucted two hemispheres which, whea the air w;ts eshauated, were 





hold together by a force nf about thrne fourths of a ton. Fig. f 
"' ■ ■' - 'q ,iiii,Bh saeh an espoument may be tiied. 




Whal principle 
does l/ie Hand- 
g-lasi iHustrale? 



579. The Hand-glass. — Fig, 
I is nothing more than a turn- 
er, open at both ends, with 
the top and bottom ground Bmooth, so as to fit 
the brass plate of the air-pump. Placing it 
upon the plate, cover it closely with the palm 
of the hand, and work the pump. The air 



witliin the glass being thus esbaustcd, the haiici will be press 
down bj the weight of the aiv aboYe it : on reodmitting the a 
the hand maj be easily removed 

,„, , ... 580 The Bl«ier GLASS— ^k " 

What prtnaple 

is illustrated by Fig. 91 is a beO shaped glass 

the Bladder- coveied with i pteoe of blad 

' der, which is lifd tightl> 

its neck. Thus prepared it rmy 

fo the plat« of the air pump oi connected with 

it by means of an elastic tube On e^hiu'sting 

the air from the glass the weight of the external 

bladder will burst it inwards with a loud f>x\ losion 




Y\ii 92. 



sgsr:^ 



What doei the 



"iSl The Inpia ROBBER Glass 



-Fig 92 la a jjUss smhrto 
J :" - -1 the one rej. reistnte 1 in the last 

^^ip-ai-^ figi: e coveied with indiarublei The sime 
esperi nents m ly be made with Ibis as were 
mentioned in tLa lest article but with difterent results In'Jtead 
of bursting, the luilia rubber will be pressed jnwarda the whole 
depth of the £h:m. 

What is ;»«- ■ 5S2 TUL F UNIAIN GLASS ABD JeI - 

fraied bij mesM 63 lep i,sants the jet which is a 

of the Fountain- -^y^^ Tij; 94 is the ioiiniam gh 
pass and Jet t 



perLnent with these instiuments i 
show the pressure of the itmoaphcre on 
the surfac ot liquids boiew the straight 
jet to the E,top c Dck the stop oocL to the 
fountaiQ-glaes with the sti iigbt jot ins de 
of the fou ita n gla^a an 1 the lower end of 
the stop-coek to the plate of the air pump 
end than open the stop ooek Ha\ing ex 
dausted the air from the fountain glass elosf the stop 
cock, remove the glass from the pump and immersing 
it in a vessel of witei open the stoj coek The pressure 
of the air on the ^uifice of the water will cause it to rush up 
into the glas? like a fountain. 
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How are ll 
Scales used. 
weighing a 




583, Pneumatic Scales for Wbighino Am.- 
Fig. 95 represents the flask, i^g. us. 

or glaaa vessel and scales for 
Weigh the flask when full 
exhaust the air and weigh the 
flask again. The difference between its 
present and former weight is the weight of 
the air that was contained in the flask. 
WkatfTind- 584- The Sdokbr. — A 
pie does '^ the (fJOular piece of wet leather, 
Surfer "(Km- attached to the centre, 

smooth surface, will adhere with considerable 
tenacity, when drawn upwards by the string. The string in 
this case must be attached to the leather, so that no air can pass 
under the leather. 

WKal is t!ie ^^^' ■'■^'^ Mbboobial or Water. Tube. — 
object of the Exhaust the air from a glass tube three feet 
mT"^; °^ ^°"S ^''^'^ ^'"^ ^ stop-cock at one end, and then 
immerse it in a vessel containing mercury or 
water. On turning the stop-cock, the mercury will rise to the 
height of nearly thirty inches ; or, if immersed in water, the 
water will rise and fill the tube, and would fill it were it thirty 
feet long. This experiment shows the manner in which water 
is raised to the boxes or valves in common water-pumps. 

How is the elas- ^^^' Experiments skowikq the Elasticiiy 
tidty of the air as the Air. — Place an india-ruhbei- hag, or a 
bladder, partly Inflated, and tightly closed, un- 
and, on exhausting the air, the air within the 
bag or bladder expanding, will fill the bag. On readmitting 
the a r the bag vill collapse. The experiment may also be 
made w th so ne k nds of shrivelled fruit, if the skin be sound. 
The nter alar expanding, will give the fruit a fresh and plump 
Bppeara e wh h will disappear on the reiidmission of the air. 
6& Tie Bone principle may be illustrated by the india- 



iltustrated . 
der the 
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rubber and bladder glasses, if they have stop-oocks to confina 
tke air. 

588. A small bladder partly filled with air may be sank in a 
Tease! of water by means of a weigiit, and placed under the 
receiver. On exhausting the air from the receiver, the air in 
the bladder will expand, and, ite apecifto gravity being thus 
dimiaished, the bladder with the weight will rise. On read- 
mitting the air, the bladder will sink again, 

IT ., 589. AlE CONTAINED IN WaTER AND IN "WOOP. 

How can i/te 

presence of air — Place a vessel of water under the receiver, and, 
on exhausting the air from tbe receiver, the air 
in the water, previously invisible, will make ita 
appearance in the form of bubbles, presenting the semblanee 
of ebullition. 

590. A piece of light porous wood being immersed in the 
water below the surface, the air will be seen issuing in bubbles 
from thL' pores of the wood, 

E:rplam i/ie prinr ^^^- The Pnsumatio BallcJBn. — llg^fls. 
cipk of the Pneu- Fig. 96 roproseutss a small glass bal- 
matic Balloan. i^ina^ with its car immersed in a jar 
of water, and placed under a receiver. On exhaust- 
ing the air, the air within the balloon, expanding, gives 
it buoyancy, and it will rise in the jar. On readmit- 
ting the air, the balloon will sink. 

592. The esperiment may be performed without the 
air-pump by covering the jar with some elastic sub- 
stance, as india-rubber. By pressing on the elastic ^^L. 
covering with the finger, the air will be condensed, the 

water will rise in the balloon, and it will sink. On removing 
the pressure, the air in the baHoon, expanding, will expel part 
of the water, and the balloon will rise. Tiiis is the more conve- 
nient mode of performing the experiment, as it can be repeated 
at pleasure without resort to the pump. 

593. The following is a full explanation : — The pressure on 
the top of the vessel first condenses the air between the oovei 

14* 
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and the surface o 
tlie watar below. < 
the water through 
pretaure, comprea 
for the ascent of m 
specific gravity of 
as the pressure ce 
drives out the la 
lightacss to the ha 
ment of this espe n 
gravity too neai 
after once reach 
water then above > 
which caured it 
made to rise, if th 
be diminished by 



sses upon 
y portion of 
y ts upward 

o alter the 

Assoou 

le I illoon 

he former 



h gh 



594, This experiment proves many tbinga ; 
First. The rhateriality of air, by the pres 



h e a specifio 

of itself, 

p esi ire of the 

h however, be 
w ter above it 



D the 



top heing communicated to the water below through the ai 
upper part of the vessel. 

Secondly. The compresaihility of air, by what happens in the 
globe before it descends. 

Thirdly. The elasliaty, or elastic force of air, when the water is 
eipelled (rara the ^lobe, on removing the pressure. 

Fourthly. The lightness of air, in the buoyancy of tlie globe. 

Fifthly. It shows that the pressure of a liquid is eoerted in all dire^ 
lions, because the efiecta happen in whatever posillon the jar be 
held. 

Sis^hlif. It shows that pressure is as the depth, because less press- 
ure of the hjnd is required the further the globe has descended in 
the water 

Seientli!)/ It exemplifles many eircumstanees at fluid support. 
A peraon therefore whu is fimiliir with this eiperiinent, and c*"! 
exiUin It, has learned the principil truths of Hydrostatics and 
Pneum^itics 

595 The Pneuma-tio Billoon also exhibits the principle on which 
the well.fenown glass toy, cailad the Ciirteaian Devil, is constructed ; 
and it may be thus esplnined ; Several images of ghiss, hollow 
within, and'^eoch having a small opening at the heel by which wiiter 
may pass in and out, may be made to inanteuvre m a vessel of 
water. Place them in » vessel in the enme manner with the bal- 
loon, but, by allowing diQerent quantities of water to enter the 
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apertures in the imnges, cause them to diSer a little from one 
another in speoifio gntvity. Then, when u, preBaure is exerted on 
the cover, the heaviest will descend first, and the others (bllnw in 
the order of their specific gravity ; 8nd Hiey will stop or return to 
the surface in reverse order, when the presaiire ceases. A person 
ex hi hi ting these Sgures tfl spectators who do not understand thcni, 
while appearing oai^elMslj to rest his hand on the cover of the ves- 
sel, seems to have the power, of ordering their movements hy his 
will. If the vessel containing the figures be inverted, and the cover 
be placed over a hole in the table, throueli wbieh, unobserved, press- 
ura can be ma^fe by a rod rising through the hole, ood obeying the 
foot of (he exhihiter, the most surprising evolutions may be pro- 
duced among the figures, ici perfect obeifience to the worll uf com- 



WMt h thi 
use of the Con- 
densing ana 
Eximusting 
SgringeJ 

without 
ai-e nsed respectively w 1 
of the apparatus as can 
be attached to tho ai 
aa addition to such p j 
ei'form the double offi 



596. esperiments with conbenskd alb. 

The Condensino and TSxiiausting Steinge.— 
The Condensicg Syring« 
The Bsh f S 



I 



pei-to 

apparatus the eondens g 
ing syringes are unite 
to perform each o£Ec 
merely reversing tho p 
tains the vaive. 

597. 



Far what purpose 
is the Air^diam- 
ber used ! 

a holli 




The Air- 
— The air- 
chamber, Pig, 97, ia 
brass globe prepared for the reception of a stop-coclc, 
and is designed foe the reception of condensed air. It is made 
in different forms in different sets, and is used by screwing it to 
& condensing pump oc a condensing syringe. 

,,-, , 598. SiitiiGiiT ANB Hevolvikg Jets ebom 

vvliat jir-iii- 

dfleofPnea- Condensbd Air. — Fill tlie au--chamber (lig. 
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,- . .„ 97) partly with water, and then condense tha 
trated by the air. Then confine the air bj turning the cock ; 
straight and ^fter which, unserew it from the air-pump, and 
"■' " screw on the straight or the revolving jet. Thea 
open the stop-cock, and the water 
chamber in the one case in 
a straight continued stream, 
in the other in the form of 
a wheel. Pigs. 98 and 99 
represent a view of th 
straight and the revolvin 
the water is thrown fren t 
each end on opposite side t ist th 
circular motion ia caused by th £ th w t th 

opposite sidea of the arms of the jeta; for, as the water is forced 
into tie tubes, it exerts an equal pressure on all sides of the 
tubes, and, as the pressure is relieved on one side by the jet- 
hole, the arm is caused to revolve in a eontrai'y direction. This 
experiment, performed with the straight jet, iiliistratfis the 
principle on which " Hero's ball " and " Hero's fountain " are 
constructed, 

Explainihe ^^^' The Principle op the Ajr-qun. — Wilh 

principle of the air-chamber, as in the last experiments, a 
the Air-gun. ^^^j ^rass cylinder or gun-ba 1 T g 100 m y 
be substituted for the jets, and loaded with a m 11 h t jig 
or paper ball. On turning the cock quickly th n SI 
densed air, rushing out, will throw the shot tfl a n 1 wM 

able distance. In this way the air-gun p t an | 
apparatus resembling the lock of a gun bein ub t ti t d 111 
for the sfjDp-cock, by which a small portion ly f th Hy 
condensed air is admitted to. escape at a t 
the chamber, being once filled, will afford tw 
discharges. The force of the air-gun has i 1 

mere than a fifteenth of the force of a oomm h g 
and the loudness of the report made in its dia h 
US great in proportion to its force as that of th 



that 
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600 Conleiistl air may be w i^licl in the 
air'w/M/ nmsl '^"^ (.liamber but in estiniati ig its weight the 
alwai/s be ti.mperature ot the room must ilways be taken 

'^nf'" """ "'*° ""onsideratioD as tbe density ot air h ma 

terially affei,ted 1 y heat and col 1 
}Vhat d the ^""^ E\pbbijii;\is s^JWI^a the Inertia of 
Gja-neaand Am — The Guiwla AND Feather Drop — Tlie 
rentier Drop meifia of aii 13 si own by the g mea, and feather 
drop exhibit ng the r si&tanee which the iii 
oiDoses to fall n^ bodie'* Thia ippaiatua h made in difie ent 

lorni". some haYing atelves on whi h the Kg 102 
, — ^ guinea and feathei reat ind when the air is 
Ipn. eshinsted they ire maie to fall by the turn 
ing ot a handle A better form i'^ that repre- 
sented m Tig 101 in which the gunei ini 
feither (or a piece of brass substituted for the 
guinea) aie enclofiel and the appaiati s be ng 
screwed to the plate of the pumj. the air is 
eshausfed a stop cook turned to preyent the 
readmiBSion of the an and the t(paiatusbe ng 
then unsori,wed the espeiimcnt may be nyeatedly 
shown by one exhaustion of the air It will then 
appear that every time the apparatus is mvi-ite! the 
guinea and th fi-ath w 11 fall simultaneously The 
two foims f th J, and feather drop an, ox 

hibited in Tg lUl d 102, one of whioh, Fig 101, m fur 
nished with t 2 k* the other, Fig 302, with shelves. 

Wholprin- ^^^ Ek RIJIBBTS '(HOWINO THE FlUIBlTY OP 

cipUisea^lam Am —The Weight lifter — The upward pross- 
Ihevi^^- "^^ '^^ ^^^ '^'^' °^'^ "^ *'^^ properties of its fluidity, 
lifter J may he exhibited by an apparatus called the 

* Moat sots of philoaopliioal apparatus ara furnnlicd with stnp-cocks 
and elaslio tubes, fur tbe purpo-e uf conDecting tho several parts with tha 

to have the screws of the stop cooks and ol all the apparatus of similuF 
thread, in order that BTery article inaj euhserve as many purposes as pes- 
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weigbt-lifter, made in different forms, but all 
on the same principle. The one represented 
iaFig. 103 consistsof a glass tube, of large 
bore, set in a strong ease or standi, sup- 
ported by three legs, A piston is acou- 
ratiilj fitted to the bore of tho tube, and a 
hook is attaoted to the bottom of the piston, 
fiom whieh weights are to be suspended. 
One end of the elastic tube is to be serewed 
to tlie plate of the pump, and the other 
end attached to the top of this instrument. 
The air being then exhausted from the tube, the weights will be 
raised the whole length of the glass. The number of pounds' 
■weight that oan be raised by this inii-trument mny be eEtiniHtcd 
by multiplying the number of square inehes in the bottom of 
the piston by fifteen. 




Explain the 



603. The Pneumatic Showbk-bA'ih. — On the 
PnmmuUic principle of the upward pressure of the air the 
SI,ower-balh. ^j^^^^^t^^ shower-bath is constructed. It con- 
sists of a tin vessel perforated with holes in the bottom for the 
Bliower, and having an aperture at the top, which is opened or 
closed at pleasure by means of a spring-valve, [Instead of the 
spring-valve, a bent tube may be brought round from the top 
down the side of the vessel, with an aperture in the tube below 
the bottom of the vessel, which may be covered with the thumb.] 
On immersing the vessel thus constructed in a pail of water, 
wiib the valve open, and the tube (if it have one) on the outside 
of the pail, the water will fill the vessel. The aperture then 
being closed with the spring or with the thumb, and the vessel 
being lifted out of the water, the upward pre^ure of the air 
will confine the water in the vessel. On removing the thumb, 
or opening the valve, the water will descend in a shower, until 
l:he vessel is emptied. 

Wlial two ^^^- Miscellaneous Experiments eepeneinq 

prujieriies of OX TWO OR MORE OF THE Properties of Are, — 
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mrareiBm- The Bolt-heab and Jab. — Fig. 104, a glass 
traledby j ^, -^^ ^ ^^^^ ^^i^^ ^ bolt-head lor 

metms of trie ° o ' _ ^ 

Bull-head and any long-jiecked bottle), partly filled with water, 
JoTl js inverted in a jar of water (colored with a few 

drops of red ink or any coloring matter, in order p, ^q^ 
that the effects may be more distinctly visible) and ,^Zi 
placed under the receiver. On exhausting the air in WW 
the receiver, the air in the upper part of the bolt- llf 

head, expanding, expels the water, sliowing the el i*- 
ticity of the air. Ob readmitting the air to the ^. 

receiver, as it cannot return into the bolt-head, the 
pleasure 01 the surfiCL of the water iii the jar foices 
thewdtei into the bolt head showing the pie-wuie 
«f the air feiusei by it'i we ght The (.xperiment 
may be repeated with the bolt heid without any 
water and on the readmiiaion of the air the watei wil _ 

fill the holt head affoiding an aecurate test of the degiee of 
exhau'-tion 

V\,kaiiwo ^^'' ^^^ TaANbiBR OF FmiDS ihom onb 

principles It e VE'iSEL TO Anotoep — The expeiiment maybe 
concermdm made with two bottks tightly closed Let one 
thuds I om ^® partly filled with water and the two con- 
one vessel to neetcd by a bent tube, eonneoting thi, inteuor of 
another? ^^ empty bottle with the water of the other, and 

extending nearly to the bottom of the water. On exhausting 
the air from the empty bottle, the water will pass to the other, 
and, on readmitting the air, the water will return to its original 
position, so long as.the lower end of the bent tube is below the 
sur&oe, 

606. ExPERiMBNTS WITH THE SiPHON. — Close 
ments are per- ^^ shorter end of the siphon with the finger or 
farmed mitlt with a stop-cock, and pour mercury or water into 
'"'" " the longer side. The air contained in the shorter 
Bide will prevent the liquid from rising in the shorter side. 
But, if the shorter end he opened, so as to afford free passage 
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outwards for the air, the fluid will rise lo an equihbnum in 
both arms of tho siphon. 

607. Pour any lii|uid into the longer arm <f the i-iphon until 
the shorter arm is filled. Then close the ■shorter end to pre- 
vent the a<iniissioii of the air ; the siphon may then be turned 
ill any direction and the fluid will not lun out on ■w.eount of 
the pressure of the atmosphere ogainit it But if the shorter 
end be unstopped, the fluid will run out fr«ely. 
What effea is g|)g_ ^^ essbnuai. TO Animal Life. — If 
animal placed "■''^ animal be placed under the receiver, and the 
under an ex- air exhausted, it will immediately droop, and, if 
hatisledre- ^^ ^j^, j^^ ^^^^ ^pgedily readmitted, it will die. 

„ . . 609. Ant ESSENTIAL TO Combustion. — Place 

ahoum that air ^ lighted taper, oigar, or any other substance that 
will produce smoke, under the receiver, and ex- 
haust the air ; the light will be extinguished, and 
the smoke will fall, instead of i-ising. If the air be readmitted, 
the smoke will ascend. 

Whut 0eet is 610. The Pbbssdbk of the Air BETARBa 
Ebullition.* — Ether, alcohol, and other distilled 
liquors, or warm water, placed under the receiver, 
will I p a t b 1 wh the ail is exhausted 
bll T[ s t n f many bodies in a liquid 
ceight or pre'ssuie of the 
We aif on the m sph [ n tl m The same force like 

iod^s ' W p nt th ga which esi t in fluid and 

s 1 d b 1 f m I n^ag ng themselves If by 
rarefying the air, the pleasure on these bodies be d miuished, 
they either assume the tojm ot vaj ors oi else the gas detaches 
itself altogether from the othei body The followinj, exj en 
ment proves this ; Place a quantity of luke vaim watei m Ik 
01 alcohol, under a receiver and exhauat the air and the liquid 

of boiling The og tati n uf liquur by 
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will eitier paj^s oif in vapor, or will have the appearance of 
boiling. 

612, An experiment to prove that the preaaure 
What eiferi- „ , f '^ , ,. . , 
meni shows M ™s atmosphere preservea some bodies in the 
Ihal the litjidd liquid form may thus be performed. Fill a long 
bo^Lis de- ^'^'' ^^ ^ ''"'^^ closed at one end, with water, and 
pendent on invert it in a vessel of water. The atmospheric 
atmosp/ieric pressure will retain tlie water in the vial. Then, 
pi-essure f , „ . , . , 1.1 

by means of a bent tnbe, introduce a few avops 

of sulphuric ether, which, by reason of their small Bpecifio 
gravity, will ascend to the top of the vial, expelling an equal 
bulk of water. Place the whole under the receiver, and es- 
haust the air, and the ether will be seen to assume the gaseous 
form, expanding in propoi-tion to the rarefaction of the air 
under the receiver, so that it gradually expels the water from 
the vial, and fills up the entire space iiselt" On readmitting 
the air, the ether becomes condensed, and the water will re- 
ascend into the vial. 

613. A simple and interesting esperiment con 
1 nected with the science of chemistry may thus be 

under a rt- performed by means of the air-pump, A watch- 
glass, containing water, is' placed over a small 
vessel containing sulphuric acid, and put .under the bulbed 
receiver. When the air is exhausted, vapor will freely rise 
from the water, and be quickly absorbed by the acid. An 
intense degree of cold is thus produced, and the water will 
froeze. 

614. In the above experiment, if ether be used instead of the 
acid, the ether will evaporate instead of the water, and, in the 
process of evaporation, depriving the water of its heat, the 
water will freeze. These two experiments, apparently similar 
in effects, namely, the freezing of the water, depend upon two 
different principles which pertain to the science of chemistry. 
Whaiiithe Qi5_ The Pneumatic Paradox. — An inter- 

Faradox! esting experiment, illustrative of the pneumatlo 
15 
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170 KATITRAL PHILOSOPHY. 

paradox, may be thus performed : Paaa a small open tube {as 
a piece of ijuill) through the centre of a circular card two or 
three inches in diameter, and cement it, the lower end passing 
down, and the upper just even with the card. Then pass a pin 
through tbe ventre uf another similar card, and place it on 
the former, witii tne pin projecting into the tube to prevent 
the upper card from sliding oiF. It will then be impossible 
to displace the upper card by blowing through the quill, 
on account of the adhesiou produced by the current passing 
between the discs. On this principle smoky chimneys have 
been l-eraedied, and the office of ventilation more effectually 



6 rh w ways in which the motion 

wayi t y he ^ "J I ^^7 ^^ considered as 

mo'lion / A n b m h air, rarefied by heat 

"'hAned' ^ d n d by CO or it may be only an 

pp m n sed by the superior velocity 

ofthe h u J n 

618. When any portion of the atmosphere is heated it beeomea 
rarefied, its specific gravity is diminished, and it consequently 
rises. The adjacent portions immediately rush into its place, to 
restore the equilibrium. This motion produoea a current which 
rushes into the rarefied spot from all directions. This is what 
we call wind. 

619. The portions north of the rarefied spot 
viindcamedl pi^oduce a uoi-th wind, those to the south produce 
a south wind, while those to the cast and west 
in like manner, form currents moving in opposite directions. 
At the rarefied spot, agitated as it is by winds from all direc- 
tions, turbulent and boisterous weather, whirlwinds, hurricanes, 
rain, thunder and lightning, prevail. This kind of weather 
occurs most frequently in the torrid zone, where the heat is 
greatest. The air, being more rarefied there than in any other 
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part of the globe, is lighter, and, consequently, aEcenils ; that 
about the polar regions is continually flowing from the polea to 
the equator, to restore the equilibrium; while the air rising 
from the equator flows in an upper current towards the poles, 
so that the polar regions may not be exhausted. 
™^ . . 620. A regular east wind prevaiK about the 

prevails in Che equator, caused in part by the rareficiiin oi the 
equaiorial air produced by the sun in his daily course from 

° east to west. This wind, combining with that 

from the poles, causes a constant north-east wind tui about thii ty 
degrees north of the equator and a south-east wind at the 
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the land ; and the reason oi this ia, that the land reSecLa mto the 
atmosphere a much greater quantity of the sun's rays than the 
water, therefore that part of the atmosphere which is over the land 
is more heated and rareSed than that which is over the sea. Tliis 
occasions the wind to set in upon the land, as we And it regnliirlj 
does on the coast of Guinea and other Ci — '■" '" ''" " — ' 



There are certain winds, called trade-winds, the theory of which 
may he eEisily es[jla)ned on the principle of rarefaction, affected, as 
it is, by the relative position of the different parts of the earth with 
the sun at diSbrent seasons of the year, and at various parts of the 
day. A knowledge of the laws by which these winds are controlled 
is of importance to the mariner. JVhen the place of the sun with 
respect to Uie different positions of the earth at the different seasons 
of the year is understood, it will be seen that the; alt depend upon 
the same principle. The reason that the wind generally subsides 
at the goins down of the sun is, that the rarefactiun of the air, in 
the partieulnr spot which produces the wind, diminishes as the sun 
declines, and, consequently, the foree of the wind abates, Tlia 
creab variety of winds in the temperate zone is thas explained. 
The ^r is nn exceedingly elastic fluid, yielding to the slightest 
pressure; the agitations in it, therefore, caused by the regular 
winds, whose causes have been explained, must extend every way 
to a great distance, and the air, therefore, in all climates will suffer 
more or less perturbation, according to the situation of the country, 
the position of rapuntaivis, valleys, and a variety of other causes. 
Hence every climato must he liable to variable wmds. The quality 
of winds is affected hy tht: countriea over wliioli they pass ; and 
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thej tire sometimes rendered peatileiitiaJ l)v the heat of deserte or 
the putrid exhalationa of marehea and lakes. Thus, Ironi the 
deaerts ~i>f Africa, Arabia and tbo neighboring .countries, a hot wind 
blowB, called Sanml, or Simoon, which suinetimes produces instant 
death. A similar wiad blows from the desert of Sahara, upon the 
western coast of Africa, called the Harmallan, produeing a dryness 
and heat which is almost inaupportahlo, soorehing like the bksta 
of a furnace. 
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622. Whiblwinbs and Waierspoots. — The 
direction of winds is sometimes influenced by tke 
form of lofty and precipitous mountains, which, 
resisting their direct course, causes them to 
descend with a spiral and whirling motion, and 
with great force. 

623. A similar oSeet is pi-oduned hy two winds meeting at an 
angle, and then tumine upon a centre. If a cloud happen to be 
between these two winds thus encountering each other, it will be 
condensed and rapidly turned round, and all light dubstanoes will 
1>e carried up into the air by the whirling motion thus produced, 
Vihia is sup- 624, The whirlwind, occurring at sea, occa- 
^Zi!>}waf^- ^'■°°^ '^^ singular phenomenon of the water- 
tpoiili .' spout. 
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Whatdos! 025. Fig. 105 repreaerita the several tbrraa in 

reseuU wliioli water-spouts are sometimes seen. 

626. From a denae cloud a c <3 
'with the smull end downwards \t ti 

the saa under it ia a^tated and wl I d d tlie waters are con- 
verted into vapor, and ascend th p n 1 m ion, till they unite 
■with the cona proceeding from th 1 d Fr quently, however, 
thej disperse before the junctio ff ted B th columns diminish 
towiirds tlieir point of contact, wh di y or metimea not more 
than three or four feet in diameter. In the centre of the water- 
spout there ia generally a vacant space, in which none of the smiill 
particles of water ascend. In this, as well as around the outer 
edges of the Katei^spoiit, large drops of rain fall. Water-spouts 
BOiuetimes disperse suddenly, and sometimes continue to move 
rapidly over the surface of the sea, continuing sometimes in sight 



for the spiice of a quarter of an hour When the water-spout 
breaks, the water usually descends in the form of heavy riun. It is 
proper here to observe that bj some authorities t)ie plienomena of 



wacer-spouts are considered as due to electrical o! 

62T. A notion has prevailed that water-spouts are dangerous to 
shipping. It is true that small vessels incur a risk of heme overset 
if they, carry much sail, because sudden gusts of wind, from all 
points' of the compass, are very common in the vicinity of water- 
spouts ; but large vessels, under but a small ipreod of canvas, 
encounter, as is sitid, but little datTger 

628. Pneumatics forms a branch at physical science which has 
been entirely created by modern discovtiies Galileo hrst demon- 
strated that air possesses weight His pupil, rorrieelli, invented 
the barometer ; and Pascal, by observing the di^rence of the alti- 
tudes of the mercurial column at the top and the foot of the Puy de 
Dome, proved that the suspension of the mercniy is caused by the 
pressure of the atmosphere. Otto Guerioke, a citizen of Mugde- 
burf^, invented the air-pump about the year 1654 ; and Boyle and 
Monotte soon after detected, by its means, the principal meohiuiicitl 
properties of atmospheric air. AniiJogous properties have been 

Sriived to belong to all the other aeriform fluids. The pruhlem of 
ecermining the velocity of their vibrations was solved l)y Newton 
and Euler, but more completely by Lagrange. The theoretical prin- 
ciples relative to the pressure and motion of elastic fluids, Irom 
which the practical fbrmulie are deduced, were established by 
Daniel Bernoulli in his HydTodynamka (1738), but have been 
rendered more general by Navier. 

Wl^ai IS 629. Acoustics. — Acoustics is the science 

Acoustics? ^hioh treats of the nature and laws of sound. 
It inclttdea the theory of musioal concord or harmony. 
15* 
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What is 630. Sound .ia the sensation produced in tha 
ioundi organs of hearing by the vibrations or undulations 
transmitted through the stir arc and.* 

631. If a bell be rung under an eshsuated reoeivor, no sound can 
be heusl from it ; bat when the air is admitted to surrouod the bell, 
the vibrations iinmediat«lj produce Bound. 

632. Again, if the esperimonts be made by enclosing the bell in 
a email receiver, full of air, and placing that under another receiver, 
G^>m which the air ciui be withdrawn, though the bell, when struct, 
must then produce sonnd, as usual, yet it will not he heaidif the 
outer receiver be well exhausted, and care be taken to prevent the 
vibrutions from being conimuuieated through any solid part of the 
apparatus, because there is no medium through wliieh the vibrations 
of the bell in the smaller receiver can be co m n'cat d t ti t 

■,„. . J 6-33. Sounds are loud wh n fh a 

Why ts a sound 

louder in cold rounding the sonorous bo ly d n th a wh n 
v:eather? it ia in a rarefied atat 3 n a 1 the 

intensity of sound inoreasea with the d y f th m d ura 
by which it is propagated. 

634. For this reason the sound of a bell ia louder in cold than 
in warm weather ; and sound of any kind is transmitted to a 
greater distance in cold, clear weather, than in a warm, sultry 
day. On the top of mountains, where the air is rare, the human 
voice can be heard only at the distance of & few rods ; and the 
firing of a gun produces a sound scarcely louder than the crack- 
ing of a whip. 

What are So- 635. Sonorous bodies are those which pro- 
mrous bodies .' Jucg clear, distinct, regular, and durable 
sounds, such as a bell, a drum, wind instruments, musical 
strings and glasses, These vibrations can be communicated 
to. a distance not only through the air, but also through 
liquids and solid bodies. 

* " The aanaation of aourd ia proiueeil by the wave of air impinginK on 
the raembrune of the sar-drum, flxaotly as the momentam of a wave of the 
(ea would atribo the abore." — [inrdnsr.] 

t In performing thesB experlmenta, the bell must be planed in Euah a man- 
ner that whatHver supports it will rest on a aofl cuahion of wool, ao aa to 
prevent the vibrotinna from being oommunicated to Che plate of tbo air 
piiup, or an; oUior of the aolid parts of the apparatus. 
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To v'hat do 636. Bodies owe their sonorous property 
soHorons vrop-^ *1^<'"' elasticity. But, altliough it is uq- 
ertiea 7 doubtedly the case that all sonorous bodies are 

elastic, it is not to be inferred that ail elastic bodies are 
sonorous. 

637. The vibrationa of a sonorous body give a tremulous or un- 
dulatoij motion to the air or the medium % which it is aun'ounded, 
similar to the motion communicated to emooth wa.ter when a stioao 
is thrown into it. 

miattr^ihe 638. Sound is communicated more i-apidly 
ksi coTtductors and with greater power through solid bodies 
0/ sound! ^^^^ through the air, or fluids. Itis conducted 
by water about four times quicker than by air, and by solids 
about twice as rapidly as by water. 

639. If a person lay hia head on a long piece of timber, he can 
hear the scratch of a pen at the other end, wnile it couid not be 
beard through the air. 

640. If the ear be placed against a long, dry brick wall, and a 

Cson strike it once with a hammer, the sound will be heard twice, 
auae the wall will convey it with greater rapidity than the air, 
though each will briug it to the ear. 

041. It is on the principle of the greater power of solid bodies to 
communicate sound th^t tho instrument called the Stethoscope * ia 
oonstructed. 

What is the 642. The Stethoscope ia a, perforated cylin- 
Steihoiaype, jgj,^ pf light, fine-grained wood, with a funnel- 
principk is it shaped extremity, which is applied externally to 
consirucied? ^\,q cavities of the body, to distinguish tho 
sounds within. 

^j-, . 643. By means of tie stethoscope the phy- 

of the stetlio- Bioianisenabled toforman opinion of the healthy 
scope ? action of the lungs, and other organs to which the 

ear cannot be directly applied. 

" The word Stethosoops is derived ftom two Greek wurda, nrtSoi, tUa 
brenst, and trxontoi, Co examine, and ia givcii to this iustcument becHUEQ it 
is applied Co the breast of a peraon for the parpoae of aEoerbiining the eon. 
diCion of the lungs and other iaternnl organs. Dr. Webster auggeata that 
Clie term PlionophcirKi, or Sound-eoDduatur, would ba a, preferable name lor 
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Wiih wlmt rapidiiy 644. Sound passing through the air 
does sound move ? moves at the rate of 1120 feet in a second 
of time ; and this rule applies to all kinds of sound, whether 
loud or soft.* 

What kirtdof ^45. The softestwhisper, therefore, flies as Bi^ 

sounds mom as theloudestthunder; and the force and direction 
fastest. ^£ j^^ wind, although thej affect tbe ooatinuanoa 

of a sound, have but slight effect on its velocity. 

046. Were it not for this uniform velocity of all kinds of sound, 
the muBic of a choir, or of an orchestra, at a short distance, would 
be but a strange confusion of discordant sounds ; for the different 
inatruments or voices, having diflerent degrees of loudness, covild not 
simultaneously reaoh the ear, 

647. The air is a hetter conductor of sound when it is humid than 
when it is dry. A bell can be more distinctly heai'd just before a 
rain; and sound is heard better in the night than in the day, because 
the air is generally more damp in the night. 

648. The diatanoe to which sound may he heard depends npon 
various circumstances, on which no definite calculations can be pre- 
dicated. .Volcanoes, amon^the Andes, in South America, have been 
heard at the distance of tnrae hundrud miles ; naval engi^ments 
have been heard two hundred ; and even the watchword "Ali 's 
teell," pronounced by the unassisted human voice, has been heard 
from Old to New Gibraltar, a distance of twelve miles. It is said 
that the cannon fired at the battle of Waterloo wore heard at Dover. 

649. A clear and frosty atmosphere is favorable to the trans- 
mission of sound, especially where the surface over which it passes is 
smooth and level. Conversation in the polar regions has been carried 
on between persons mora than a mile apart. The cannon in nav^ 
engagements in the English Channel have been heard in the centre 
of England, 

650. A blow struck under the water of the Lake of Geneva was 
heard across the whole breadth of the lake, a distance of nine miles. 
The earth itself is a good conductor of sound. The trampling of 
horses can be heard at a great distance by putting the ear to the 
gromid, and the approach of railroad-oars can be ascertained when 
very far off by applying the ear to tiie mil. 

» The Tolooitj of Bound has Bometimss boon estimated as much aa eleven 
hundred and forty-two feetia o, Beeond. Tho atate of the air must, however, 
be taken into oonsi deration . The higlier tlio temperotnre, the greater the 

iainorcased about one foot for every dcgreo that Che thermomotor vises. Bs- 
perimentB made with a oannon at midnight by Arago, Gay Lassao, a.nd 
othora, when tho thermometer stood at Olo, gave 1118.39 foot per seoond 09 
tho velooity of sound. The rate stated in No. 61i will not thecefora be for 
from tho truth. The espsriments whloh gave a. result nf eleven hundred and 
forty-two feet in a aeoond WBro probably made when Uie wBatiiBf was 81- 
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To what prac- 651. This uniform velocity of sound enab 63 lia 

■ to ascertain, with some degree of accuracy, the 

it from which it proceeds. 

If, for instanco, the flash of a gun at sea is secnnhalf of a minata 

befora the report is heard, the vessel must be at the distance of about 

652. In the same manner the distance of a thunder 1 1 n a j 

be estimated by co an ting the seconds that intervene lot the 

flash of the lightning and the roaring of the thunder, and mul ply ng 
them by 1120. 
What is ike , 



053. 'The AcoirsTic Paradox. — Sound 
dy boon stated, is prop; 
e air. Now, as these 
sely analogous to the a 



^'^ ^ precisely anajogous to the case ut two ser ol wa es 

formed upon the surface of a liquid, there U a point where the 
elevation of a wave, produced by one cause, will coincide with the 
depression of another wave produced by another cause, and the con- 
sequence will be neither elevation aor depression of the liquid. 
Emyl ' the ^^^' ^^™i tli^'^^fo'-'^i *wo sounds are produced 
aanisiicpara- indifferent places, there is a point between them 
^0^- where the undulations will counteract each other, 

and tlie two stmnds may produce silence. 

655. A simple illustration of this fact may be made with a 
tuning-fork. If this instrument be put into vibration and held up to 
the ear and rapidly turned, the sound, instead of being continnous, 
will appear to be pulsative or interrupted ; but, if slowly caused to 
revolve at a distance from the ear, a position of the forlis will be 
found at which the sound will be inaudible. 

656. A similar experiment may be made with the tuning-fork 
held over a cylindrical glass vessel. Another glass vessel of similar 
kind being placed with ila mouth at right angles to the first, no 
sound will be heard ; but, if either cylinder be romoTCd, the sound 
will be distinctly audible in the other. The silence produced in thia 
way is due to the interference of the undulations. 

This seeming parados, when thus explained, like the paradox 
mentioned under the heads of Hydrostatics and Pneumatics, and 
another to be mentioned under the head of Optic, will be found 
to be perfectly consistent with the laws of sound 
What is an 657. An echo i^! produced by the vibrations 
echo? of the air meeting a haid and legular suiface, 

such as a wail, a rock, a mountain, and being reflected back 
to the ear, thus producing tlie &ama sound a ancond. and 
BOiiiotimes u third ami fouith time 
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WJiy aretkere 658. For this reason, it is evident that no echo 
lea or'^OTta °^° ^^ heard at sea, or on an extensive plain, where 
plain ? there are no objects to refteot the sound. 

By^rhat lav, ^^^- ^''"°'^' ^^ "^^'^ ^' ^'S''' ^""^ '^°'^'' '" '■^" 
Is sound re- fleeted in obedience to the same law that has 
jkcied? already been stated in Mechanics, namely, the 

angles of incidence and of reflection are always equal. 

(i60. It is only necessary, therefore, to know how sound strikeH 
BieainBt a relectiug surface, Co know how it will be reflected. It is 
i^ted of DionysiuB, the tyrant of Sicily, that he had a dungeon 
(otdled the ear of Dionyaius) in which the roof was so constructed 
as to coHeet the words, and even the whispers, of the prisoners con- 
fined therem, and direct them along a hidden conductor to the plBce 
where he sat to listen ; and thus he became acquainted with the 



Onw^frindpte 661. Speaking-tmmpets are constructed 
^sZons^^ on the principle of the i-efiection of sound. 

862. The voice, instead of being diSused in the open air, is con- 
fined within the trumpet ; and the vibrations which spread and fiiU 
against the sides of he 'n trum nt a e efte ted a rd'ng to the 
angle of incidence, and f 11 m the du- ti n f tl e vihra ns, which 
procSed straight for a d Tl hi of the h at ns are thus 
aollected into a focus and fh arb tatdn neat that 
ipot, the sound will b p d usiy n d 

Hnwisahear ^^^ ^^^ "2* umpets o tho t unpcls used 
ing trwnpet by deaf p raons a e al o at act d on the same 
cortstTucled? principle ; but, as the voice enters the large end of 
the trumpet, instead of the small one, it is not so much confined, 
nor so much increased.* 

61)4. The musical instrument called the trumpet acts also on 
the same principle with the spe^iking-trumpet, so far as its forca 
tends to increase the sound. 

665. The smooth and polished surface of the interior parts of 
certain kinds of shells, particularly if they be spiral or unduhitiug, 

• In this connexion the author cannot refrain from giving pubiioity to tha 

familj. Thoy oonaist of two small iieoring-tnimpels of a peculiar oonstruo- 
tioo, eonnectad bj a slender spring nith an adjusting slide, which, passing 
oyer the head, keeps both trumpets in^their plaoe. They are eonoealed 
■■ Q byU ' ■ ■ ....... 
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fit them to collect and reflect the various sounda which are tailing 
place in the vicinity. Hence the Cypvias, the Nautilus, and socib 
other shells, when held near ths ear, give a continued sound, which 
resembles the roar of the diataut ocean. 

Oh what prinr 666. Sound, like light, after it has been reflect- 

L-t^^^ ed from seTerar surfaces may be collected into one 

galleries ton- point, as a focus, where it will be more audible 
slructed? J^J^^ j^. any otlier part; and on this principle 

whispering-galleries may be constructed. 

G6T. The famous whispering-gallery in the dome of St. Paul's 
church, in London, is constriietea on this principle. Persons at 
verv remote parts of the building can carry on a conversation in a 
soft whisper, whiclv will be distinctly audible to one another, while 
others in the building cannot hear it ; and the ticking of a watch 
may be heard from side to side. 

&liS, There is a church in the town of NewburypOrt, in Masaa 
chusetts, which, as was accidentally discovered, has the same pcop- 
erty as a whispering-gallery. Persons in opposite comers of the 
building, by facing the' wall, may carry on a conversation in the 
softest whisper, unnoticed by others in any other part of the build- 
ing. It is the building which contains in its cemetery the remains 
of the distinguished preacher, Whitefiold. 

\V7uii is an ^^^- AcoDSTic TuBES. — Sounds may be oon- 
AcouslicTube f \eyQi to a much greater distance through contin- 
\ious tubes than through the open air. The tubes used to con- 
vey sounds are called Acoustic Tubes. They are much used in 
public houses, stores, counting-rooms, &c., to convey communi- 
cations from one room to another. 

070. The quality of sound is affected by the furniture of a room, 

Earticularly the softer kinds, such as curtains, carpets, &c.; because, 
uving little elasticity, they present surfaces unlkvorable to vibra^ 

671. For this reason, music always sounds better in rooms with 
bare walla, without 'carpets, and without curtains. For the same 
reason, a crowded audience increases the difficulty of speaking. 

673. As' a general rule, it may be stated that plane and smooth 
tterface? reflect sound wU/muI dispersing it ; convex surfaces disperse it, 
and concaiye surfaces collect il. 

H the ^"^' ^^ sound of the human voice is pro- 

tound of the duced by the vibration of two delicate membranes 
huraan voice situated at the top of the windpipe, between which 
the air from the lungs passes. 
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674. The touea are varied from grave to Eicute, by opening or 
contracting tho passage ; and they are regulated by the iniiscles 
belonging to the throat, by the tongue, and by the cheeks. The 
management of the Yoice depends much upon cultivation ; and 
although many persona can both Bpeak and sing with ease, and with 
great power, without much attention to its culture, yet it is fouiffl 
that they who cultivate their voices by use acquire a degree of flexi- 
bility and ease in its management, which, in a great ueasure, eup- 
pliea the deficiency of nature.* 

675. Ventriloquism t is the art of speaking in 
WhaikVen- ^ ^ ^^ voice to appear 

tfl proceed from a distance. 

67G. The art of ventriloquism wOiS not unknown to the ancients , 
and it is supposed by some authors that the famous responses of tho 
oraulea at Delphi, at Ephesus, Ac, were delivered by peraons who 
possessed this faculty. There is no doubt that many apparently 
wonderful pieces of deception, which, in the days of superstition 
and Ignorance, were considered as little short of miracles, were per- 
formed by means of ventriloquism. Thus houses have been ma^ie 

» Dr. Rush's very yalonble work on "Tho Philosopbj of ths Human 
Voioo " contains muoli valuable matlor la relation to the human voioe. 
Dr. Barbot'B " Gtammar o{ Elocution," and tho " Rhatovioal Reader," by 
the author of this volume, oontain useful instructions in a practical form. 
To the work of Dr. Riish both of the latter HOtts are largely indebted. 

+ Ths word Ventriloquism literally means, " sptaking from ike belli/," and 
it ia BO defined in Chambors' Diotionaiy of Arta and Soioncos. The ven- 



IS ohiefly oonoerned being those of the throal 
and tongne. tdo varioty oi sounds which the human voico is capable of 
thus producing is altogether beyond common belief, and, indeed, is trulj 
aurprising. Adepts ia this art will mimio the voioea of all ages and oondi. 
tiona of human life, from the smallest infant to the tremulous voioe of tot- 
tering age, »nd from the inCoiioated foreign beggar to the high-bred, arti- 
fioial tones of the fttabionable lady. Some will also imiUvte the warbling 
of tho nightingale, the loud tones of the whip-poor-will, and ths aoream of 
the peaoook, with equal truth and fiieility. Nor are these arta confined tc 
professed imitJitorB ; for In many villages boys may be found who ata in 
the habit of imiiftting tho brawling and apitting of oats in auoh a mannei 



tlie rush of the water, tho sawing of wood, the ti 
of a irhaelbarrow, the drawing of corks, and " 
ing liquor, tho sound of air rushing through a 

voiue BO exaotly as to deceive any basrer who 
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to appear haunted, voicea 1 me lepii 1 e ri froi toiii s nd the (loud 
have Ijoen made to apjear to speik tj tie gieit hsmiyof the 
noiehboi-hood, by meanB of this wonderful art 

Ventriloc|uiBin is, without doubt id great mensure the gift of 
nature ; but man j persons can with a little pitctice utter sounds 
and pronounce words without opening the lips or moiing tl a mus 
cies of the face; and this appeara to be tie grtit secret of the 






677 Musical ' 



suiindofamu- sound produced by a muhiLdl str ng is Cdu ed by 
skal siring jta vibrations and the height or depth ot the 
tone depends upon the rapidity of those vibra 
tions. Long strings Tibrite with lefs rapidity than short ones 
and for this reason the low tones m ^ musical instrument pro 
ceed from the long strmff'' and the high tones fi m tlie short 

678. Fig 106 A B repie?ent'5 a muDii,al stung 

drawn ^ 

up to G, its elas- ^ 

ticity will not on- ^t-.~i a„i^g 

y carry it back ~ -^ 

again, but will j^_ 

giye it a momen- 
tum which will carry it to H, from whence it will successively 
return to T, I", C, D, &C., until the resistance of the air entirely 
destroys its motion. 

the quality of strings depends upon their length, thickness, 
the tone of a weight, and degree of tension. The quality 
aring def^7 ^j ^^^ ^^^^^ produced by wind instruments 
depends upon their siae, their length, and their internal diame- 
ter. 

680. When music is made by the use of strings, the air is struck 
by the body, and the sound is caused by the vibrations ; when it ia 
made by pipes, the body is struck by the air ; but, as action and re- 
action are equal, the effect is the same in both cases. 

681. Long and lai^ strings, when loose, produce the lowest 

16 
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tones ; but different tones may be produced from the Bnnie string, 
according to the degree of tension. Lai^e wind instrumenta, iilso, 
produce the lowest tones ; but different tones may ba produced 
IrouL tlie same instrument according to the distance of the aperture 
f th p f th d f m th pe t re wh re t t 

Hw d th bS Th q Uy f th d f 11 m 1 

tr^echm J t t ff t Iby tl h g th 

f tth t /■ t m[ t d I fi gr ty f th tm e- 



dcold 


tra la th m t 


t f li w 
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pp d th 
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mt ( 


m fit) 



Onahat isthe ^^*- ^''^ science of harmony is founded on 
science of hw- the relation which the vibrations of sonorOQS 
many founded! ),^,^igg i^.^,^ ^ ^^^j^ otter. 

685. Thus, when the vibrations of one string are double those of 
another, the chord of an octave is produced. If the vibrations of 
two strings be as two to three, the chord of a fifth is produced. 
When the vibrations of two strings frequently coincide, they pro- 
duce a musical chord ; and when the coincidence of the vibrations 
is unfrequent, discord is produced. 

680. A simple instrument, called a monockord, contrived for the 
purpose of showing the length and degree of tension of a string to 
produce the various musical tones, and to show their relations, may 
thus he made. A single string of oatgut or wire, attached at one 
end to a fxed point, is carried over a pulley, and a weight is sus- 

Bnded to the other end of the string. The string rests on two 
idges, between the fixed point and the pulley, one of which is 
fixed, the other movable. A scale is placed beneath the string by 
which the length of the vibrating part between the two bridges 
may be measured. Bymeansof this simple instrument, the respect- 
ive lengths required to produce the seven successive notes o! the 
gamut will be as follows : it being premised that the longer the 
string the slower will be its vibrations. 

687. Let the length of the string required to produce the note 
called C be 1 ; the length of the string to produce " 

1 t t I I ? tW- 



ostecbvGoogIc 



AOOUS'nOB. 



6^,'i. Hence, the octnve will require 
Dtilj bnlf of the length of the fundamen- 
tal note, and the vibrations that produce 
it will be 118 two to one. The vibrations 
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t f II th t 
th ta p d th t p 1 t hti 
tnony ; next in order is the fifth, na 
eveTj third vibration of the fifth corre- 
sponds with every second vibration of the 
fundamental. Next to the fifth in the 
order of harmony follows the fourth, and 
after the fourth the third. 

G91. The following scale, containing 
three octaves, exhibits the proportions 
which exiat between the fundamPntal and 

nth 
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693 I Id p t tl t h 
t ds 3 by b t 

wh h m pi im ! p 

p t to 1 1 , h us 1 to 2, 
2 to 3, or 3 to 4, &o., they are pleasing 
to the ear ; and the whole science of har- 
mony is founded on such relations. 

694. The principal harmonies ai'e the 
natave, fifth, fourth, major third, and 
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Octave, 
Fifth, 
Fourth. 
Miijor Third, 
Minor Third, 



695. The folbvnng Rules may serve as Ike lasts of interesting 
calculations. 

(1.) Strings of the satno diameter nnd equal tension yibcate in 
timea in an inverse proportion to their lengths. 

(2.) The vibmtiona of string! of equal length nnd tension are in 
an inverse proportion to their mametera. 

(3.) The vitirations of strings of tlie same length and diameter 
are as the square roots of the weights causing their tension. 

(4.) The vibrations of cjlindrio tubes closed at one end are in an 
inverse proportion to tbeir length. 

(5.) The sound of tubes open at both ends is the aame-with that 
of tubes of half the length closed at one end. 

[The limits of this wort will not admit the further consideration 
of the subject of Harmony. It constitutes of itself a science, in- 
volving principles which require deep study nnd investigation ; and 
they who would pursue it advanta^usljf will soarealy expect, in 
the pages of an elementary work of this kind, that their wants will 



(1.) A rocket waa 


Been to oiplode, and in two ecconds the sound of tliB 




how far off WO! the rocket 1 Am. mOfl. 


"(VrTheilaslifi-om 


a cloud WHS seen, and in five seconds Uie thunder was 


beard ; what waa the 




(3.) A musiaal et 


ng four feat long gave a certain tone ; what must be 


tbo length of a string 


of similar size and tension to produce the noU of a 


fifthi 


^,„L 2/(. S in. 


(1.) A oortain etr 


ng vibrates 100 times in a second ; bow many timsa 


mnct>v string of the 


ame liind vibrate to produce the octave i. the fifth 1 


the minor third'! th 


major third 1 .a"*. 2UU; 3^; lao; liO. 


(5.) Supposing th 


.:i..,...l .F <k. .ninl^r tnt.Brf.rf.i.cenf theundula- 



(ituMed at the point of luterferenoe of the und 
tions, —what will be tbs oonseqoenoe 1 [Sm iVos. 663 and 054.] 

te.) The length of a string being 36, what will be length of its 
Eftbl fourth 1 major and minor thirds 1 Jm, 38; 24; 2T; M 



[N. B. In esti 
practice aa onlj i 
freesiag point ; a 
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what nil! h« the lengdi o 

t be tha length of a pipe of an open diapason to pri 
I tonr foot C of tha stopped diapaaon ! Ans, • 

en diapason consists of pipes open nt hoth ends 
laa its pipes olosad atona and. [See No. 695 (5).] 
jroportion ai'e the vibrations of two strings of i 
or, one stretched with a weight of tnentj-five poi 
eight of fifty pounds 1 [«« JVn. 685 (R).] -iji«.ltol.4 
jroportion are the vibrations of two fittings of • 



Wliat is Py- 697. PyrONOMICS, OR THE LaWB OP 

ronomioi ? Heat. — Pyronomics is the science which 
treats of the laws, the properties and operations of heat. 

What is heat ^^^- "^^^ nature of heat is unknown, but it 
and what is its Las been proved that the addition of heat to any 
weight. substance produces no perceptible alteration in 

the weight of that aubsfanoe. Hence it is inferred that heat ia 
imponderable. 

699. Heat is undoubtedly a positive substance, 
Whai is cold? or quality. Cold ia merely negative, being only 
the absence of heat. 

yrn^i ^jT^, 700. Heat pervades all bodies, inainuating 

has heat on all itself, more or less, between their particles, 
biidi£s. g^jj^ forcing tliem asunder. Heat and tha 

at'traotion of cohesion constantly act in opposition to each 
other ; hence, the more a body is heated, the more its par- 
ticles .will be s 



701. Heat causes moat Buhstances to dilate or espand, wbilo 
cold (wliicb is merely the absence of heat) causes them to eontniet.' 
Since there is a continual change in the temperature of all bodiea 
on the sarfkoe of the earth, it necessarily follows that there will be 
a constant corresponding change in their magnitude as they are 
affected by heat and cold. They espand their bulk in a warm day, 
and contract it ia a cold one. In worm weather the flesh swells. 
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the blood-veBsela are well filled, the hands and the feet, as well aa 
other parts of the hody, expand or aoqiiire a degree of plumpness, 
and the skin is distended ; while, on the oontrury, in cold weather 
the flesh nppears to contract, the reaeels shrink, and the akia 
appears shriFelled. Hence a gloTe or a. shoe vrliich is too tight in 
the summer will often be found to bo easy in cold weather. 

702. The effect of heat in separating the particles of different 
kinds of substances is seen in the melting of solids, such as metals, 
wax, butter, &c. The heat insinuates itself between the particles, 
and forcBs them asunder. These particles then are removed from 
that degree of proximity to each other within which cohesive attrac- 
tion exists, and the boiiy is reduced to a fluid form. When the 
heat is removed, the bodies return to their former solid state. 

Wh t. k'ttii f '^^^' -^^^^ passes through, some bodies with 
iodies arrest more difficulty than through others, but there is 
the progress no jjjjuJ of matter which can completely arrest its 
of heal r ^ ^ 

progress. 



th ff 
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mist or vapor expanded by heat. They rise to tte cold regions 
of the sicies, where the particles of vapor lose their heat, and 
then, uniting in drops, fall to the earth. But so long as they 
retain their heat tie attraction of cohesion can have no influence 
upon thein, and they will continue to exist in the form of steam, 
vapor or mist. 

706. The thermometer, an instrument designed to measare degrees 
of heat, has already been described, in connexion with the barom- 
eter, under the head of Pneumatics. Heat, under the name of 
caloric, is properly a sulgeot of consideration in " 
Chemistry. It eiists ir *"" nt-t-o nniio,) ™oiant 
and latent heat. Free 
ceptible to the senses, as the heat of a fire, the heat of the sun, &c. 
Latent heat is that which exists in most kinds of substances, but is 
not perceptible to the senses untjl it is brought out by mechanical 
or chemic;il action. Thus, when a piece of cold iron is hammered 
upon an anvil, it becomes intensely heated ; and when a email 
portion of sulphuric acid, or vitriol, is poured into a vial of cold 
■water, the via! and the liquid immediately become hot. A further 
illustration of the esistenoe of latent or concealed heat is ^veo at 
the fiivside every day. A portion of cold fuel is placed upon the 
gratu Or hearth, and a sparkis applied to Mndle the fire which 
warms us. It is evident that the heat given out by the fuel, when 
ignited, does not all proceed from the spark, nor can we perceive it 
in the fuel ; it must, therefore, have existed somewhere in a latent 
state. It is, however, the effects of free heat, or free caloric, which 
are embraced in the science of Pyronomics. I'he subjeut of latent 
heat belongs more properly to the science of Chemistry. 

707. The terms beat and cold, as tbey ate generally used, are 
merely relative terms ; for a substanoe which in oae person would 
eioite the sensation of heat might, at the same time, seem cold to 
another. Thus, also, to the same individual the same thing may be 
made to appear, reladvely, both warm and cold. If, for instance, a 
person were to hold one hand near to a warm fire, and the other on 
a cold stone, or marble slab, and then plunge both into a basin of 
lukewarm water, the liquid would appear cold to the warm hand 
and warm to the cold one. 

,,-, , ,, 708. Sources of Heat. — The four prin- 

What are the ,. i i i <• ^ 

principal cipai sources of the development of heat are 

jo«n-ej of jjjg gyjj^ Eleetrieity, Chemica.1 Action and Me- 
chanical Action, The heat produced bj fire 
and flame is due to chemical action. 
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710 Th h t 
pecul ph m 
be qu t d h 
thatl m y f 
tionate to h j 
and at g t 1 t 

but, th t y d m hed B t h ti pi m 

which 1 d t tl I th t h y mp d by th 

develop t f heat, if they are not the cause and the so c i f t. 

7U. AH meohanical operations are attended by heat. Friction, 
sudden compresBioD, violent extension, are (ill attended by heat. 
The savage makes his fire by the friction of two pieoes of dry wood. 
Air, suddenly and violently compreased, ignitaa dry substances;" 
and India-rubber especially, when suddenly estended, shows evident 
signs of heat ; and an iron bar may be made red hot by beating it 
quickly on an anvil. B^en water, when strongly compressed, gives 

What are the '^^^- ^''^ principal effects of lieat are 

principal ef- three, namely : 

feci, of heat t ^-^ j jj^^^ e-ipands most substances 
(2 ) It conveits them from i solid to i fluid state 
(3 ) It destroys then texture by combustion 

713 There are many substmces on which ordinary degrees of 
beat, and indeed heat of great intensity seemi to produce no 
sensible efleots and they Ime therefore received the nirae ot 
incombustible b dies a. dies usually called ineombuBtible are 
gener illy mineral substances such as stones the eirths Xc All 
vegetable substances and most animal Bubstances are highly com 
buHtible The metals ale i all yield to the eleotnoal or galvanic 
battery But there is sifficient evidence that all bodies neie on o 
in a fluid or gase us stxfe md that the solid forma that thej 1 lie 
asBumed are iuP to the loss of leat Cuull the suue degree t 

* Byringes liave been oorsbrootod on this prinoiple A solid piston 
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Intensity of heat be restored, it is presumed that thej would resume 
their liquid or gaseous form. 

What is Ihe 714. Heat tends to diffuse itself equally through 

first law of ,. , 

heat ' ^" substaoces. 



Ail Bubstunces contain a eertain quantity of best-f but, on aecount 
of ice tendency to diEFuae itself equally, and the difference iu the 
power of difliirent substances to conduct it, btxiies of the same 
ahaiilute temp^rutttre appear to possess different degrees of heat. 

Thus, if the hand be successively applied to a woollen garment, a 
mahbeany table, and a marble slab, alf of which have been for soma 
time in the same room, the woollen garment will nppear the warmest, 
and the marble slab the coldest, of the three articles ; but, if a ther- 
appiied to each, no diSrence in the temperature will 
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What js the '^^^ From this it appears that soTne sulstances 

reason thai conduct heat j eadUy and, others u ilk great dif 
JkuUy The reason that the marble slab seems 
the coldest IS that marble being a good eon 
others cold m ductor of heat, leceivea the heat from the hand 
th^mm^roomi ^^ ^.^^j^j^ ^^^^^ ^^^ j^,^ ,^ m&taiitly felt by the 
hand , while the woollen garment being a bad conductor of 
heat rtLOives the heat from the hand so slowly that the los? la 
imperceptible 

What IS the 716 The different power of receiving and 

tnuse oj tne conducting heat possessed by diffeient substances, 
the viarmth of i' tli^ cau^e of the diifi.rence in the warmth of 
different gar- various substances used for clothing. 

Whv are 1VJ. Thus, woollen garments are warm gar- 

iBoolhn gar- ments, because they part slowly with the heat 
merits warm, ^bieh they acquire from the body, and, conse- 
andbnen^cool? , , , ,., , 

quently, they do cot readily convey the warmth 

of the body to the air ; while, on the contrary, a linen garment 
is a cool one, because it parts with its heat readily, and as read- 
ily receives I'resh heat from the body. It is, therefore, con- 
stantly receiving heat from the body and (Ji rowing it out into 
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■, while the woollen garment retains 1 
and thus encases the body with a war 



melt. 

How is heat 719. Heat is propagated in two ways, namely, 
V Vs - )jy conduction and by radiation. Heat is propa- 
gated by conduction when it passes from one substance to 
another in contact with it. Heat is propagated by radiation 
when it passes through the air, or any other elastic fluid. 

720. Different bodies conduct heat with differ- 

WMtare the ent degrees of facility. The metals are the best 

OTs of'heJt? conductors; and with regard to tlieir conducting 

power, stand in the following order, namely; Gold, 

platinum, silver, copper, iron, zinc, tin, lead. 

731. Any liquid, therefore, may be more readily heated in a 
silver vessel than in any other of the same thickness, except one of 
gold, or of platinum, on account of its gi-eat oooduoting power. 

Wkv are the 1'^^- Metals, on account of their conducting 
^landles of lea power, cannot be handled when raised to a tempe- 
mai^frwood''^^^^^ above 120 degrees of Fahrenheit. For this 
reason, the handles of metal tea-pots and coffee- 
pots are commonly made of wood; since, if they were made of 
metal, they would become too hot to be grasped by the hand, 
HOon after the vessel is filled with heated fluid. 

723. Wood eonduota heat very imperfectly. For this reason, 
wooden spoons and forks are preferred for ice. Indeed, so imper- 
fect a conductor of heat is wood, that a etickof woodmaybegriiaped 
by the hand while one end of the stick is a burning coal. Boi; an 
iron bar, beine a good conductor of heat, cannot be bandied near 
the heated end. 

724. Animal and vegetable sut^tances, of a loose toxtnre, such 
as fur, wool, cotton, Ac, conduct heat very imperfectly ; hence their 
efficacy in preserving the warmth of the iwdy. Water becomea 
scalding hot at 150 degrees ; but dr, heated far heyond the tempe- 
rature of boiling water, may be applied to the skin without much 
pain. Sir Joseph Banks, with several other gentlemen, remained 
some time in a room when the heat was S2 degrees above the boiling 
point ; but, though they could bear the contact of the heated air 
they could not touch any metalHo substuuee, aa their watch-chains 
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a Tvhieh he 
;s and mouIdB. The thermomoter gen- 
ei'ally stooii at 301^ de;^eea in it, yet the workmen entered, and 
~~inni|ied in it some minutes without dilEoulty ; but ii gentleman 
' spectacleB on , ' 
vith tho skin. 

726. The air, being a bad oonductur, never radiates heat, nor is 
it ever made hot hy the direct rays of the Bun. The air wliioh comes 
in contact with the surface of the earth ascends, and warms the air 
through which it ptisees in its ascent. Other air, heated in the 
same way, also ascends, carrying heat, and thiB process is repeated 
till all the air is made hot. 

727. In like manner, in cold ■weather, tho air resting on the earth 
ia made cold by contact. This cold air makes the air above it cold, 
and cold currents (or wind) a^tate tho mass together till a uniform 
temperature is produced. 

. 728. Heat is reflected by bright substances, and 

reflected! ^^^ angle of reflection will be equal to the angle 
of incidence. 
72D. Advantage has been taken of this property of heat in the 
construction of a simple apparatus for baking. It is a bright tin 
case, having a cover inolinea towards the fire in such a manner as 
to reflect the heat downwards. In this manner use is made both of 
the direct heat of the fire, and therefieeted heat, which would other- 
wise pass into the room. The whole apparntuB, tbus connected with 
the culinary department, is called, in New England, " The Comiect- 
icut baker." 

730. This - ~ .■ . . 

stances, Ib t 

bright, altii 
wbtJe othei 
But, if they 

731. The 
accounts als 
febrics for c 

Whyareditr 



nienta than those of light color. 
733. Snow or ice will melt under a piece of black cloth, while 
it would remain perfectly solid under a white one. The farmers in 
some of the mountoinous parts of Europe are occiMtomcd to spread 
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black earth, or soot, over the snow, in tho spricg, to hasten its 
raelting. and enable them to commence ploughing. 
Whal effect has heal 734^ rj-j^^ density of all substaiioes is aug- 
sabsiaw^ei- niented by cold, and diminished by heat. 

There is a remarkable esoeption to this remark, and that ia in the 
case of water ; which, instead of contracting, expands at the freei- 
ina point, or when it is frozen. This is tSe reason whj^pitohera, 
Rnd other vesaela, oonhiining wate* and other similar fluids, ai* so 
often broken when the liquid freezes in them. For the same reason, 
ice floats instead of sinking in water ; for, as its density is diiviin- 
ished, its sneeifio gravity is consequently diminished. Were it not for 
this remarkable property of water, large ponds and lakes, exposed 
to intense cold, would become solid masses of ice ; for. if the ice, 
when formed on the surfiice, were more dense (that is, mora heavy) 
than the water below, it would sink to the bottom, and the water 
above, freezing in its turn, would also sink, until the whole body 
of the water would be frozen. The consequence would be the totM 
destruelion of ail creatures in the water. Bat the spaeifie gravity 
of ice eauBes it to continue on the surface, protecting the water 
below from eongeiation. 

. 735, Cdd is merely the absence of heat; or rather, 
cold! more properly speaking, inferior degrees of heat are 
termed cold. 

736. The effect of heat and cold, in the enpansion and contrac- 
tion of glass, is an object of common observation ; for it is this 
expansion and contraction which cause so many accidents with glasii 
articles. Thus, when hot water is suddenly poured into, a cold glass 
of any fonn, tho glass, if it have any thickness, will crack ; and, 
on the contrary, if cold water be poured into a heated glass vessel, 
the same efiect will be produced. The reason of which is this ; 
Heat makes its way but slowly through glass ; the inner surface, 
therefore, when the hot water is pouted into it, becomes heated, 
and, of course, distended before the outer surface, and the irregular 
expansion causes the vessel to break. There is less danger of frac- 
ture, therefore, when the glass :s tliin, becanse the beat readily pen- 
etrates it, and there is no irregular expansion. 

737, the ^lasB chimneys, used for oil and gas burners, are often 
broken by being suddenly placed, when cold, oyer a hot flame. The 
danger of fracture may be prevented (it is said) by making a mi- 
nute notch on the bottom of the tube with a diamond. This precau- 
tion has been used in an establishment where six lamps were lighted 
every day, and not a single glass has been broken in nitie years. 

Wliat bodies retain 738. Different bodies require different quan- 
Ual the longest? titj^.s cif heat to raise them to the same tern- 
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perature ; and those which are heated with most difficulty retain 
their heat the longest. 

Thus, oil becomes heated more speedily than water, and it 
likewise cools more quickly. 

739. The most obvious and direct effect of heat on a body 
ia to increase its extension in all directions. 

740. Coopers, wheelwrights and other artificers, avail themselves 
of this property in filing iron hoopa on casks, and the tiros or irons 
on wheals. The hoop or tire, having been heated, expands, and, 
being adapted in that state to the cask or the wheel, as ^he metal 
contracts m cooling it clasps the parts very firmly together. 

741. Prom what has been stated above, it will be seen that nn 
allowance should be made for the alteration of the dimensions in 
metailio beams or supporters, caused by the dilatation and contraction 
effijcted by the weather. In the iron arches of Southwark Bridge, 
over the thames, the Tarifttion of the temperature of the air causes 
a, diffirenceof height, at diffiirent limes, amounting to nearly an inch. 

A happy application of the eipanaive power of heat to the mechanio 
arts was made some years ago, at Paris. The weight of thereof of a 
building, in the Conservatory of Arts and Ti'ades, had pressed out- 
wards the side walls of the structure, and endangered its security. 
The following method was adopted to restore the perpendioular 
direction of the structure. Several apertures were made in the 
walls, opposite to each other, through which iron bars were intro- 
duced, which, stretching across the building, extended beyond the 
outside of the walls. These bars terminated in screws, at each end, 
to which large broad nuta were attached. Eaeh aitomato bar was 
then heated by means of powerful lamps, and their lengths being thus 
increased, the nuts on the outside of the building were screwed up 
close to it, and the bars were suffered to cool. The powerful con- 
traction of the bars drew the walls of the building closer together, 
and the same process being repeated on all the bars, the walla were 
gradually aud steadily restored to their upright position, 

742. The Pyrometer is an instrument to 
Pyrometer'' ^ s^i^w ^^'^ expansion of bodies by the applica- 
tion of heat. 
It consists of a metallic bar or wire, with aa index connected 
with one extremity. On the application of heat, the bar expands, 
and turns the index to show the degree of expansion. 

743. Wedgewood's pyrometer, the instrnment commonly 
used for high temperatures, measures hn&t by the contraction of 
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What fffect "^^^ ■'■^^ expansion caused by heat in 

has heat on solid and liquid bodies differs in different sub- 
S "i^^^s" ^^^^"^^^ ' ^''^ aeriform fluids all expand alike, 
solid, liquid and &-a.^ undergo uniform degrees of expansion at 
•^ ■ varionH 



745. The espanaion of solid bodies depends, in some degrea, on 
the cohesion or their particles ; but, as gases and vapors are desti 
tute of cohesion, lieat opeiates on thorn without any opposing power. 

f other 



i applied to water c 
What effect liquids, it converts them into steam or vapor. The 
the form'' of deprivation of heat reconverta them into the liquid 
lipad bodies J form. It is on tiia principle that distillation takes 



called 



746. When heat i 




ExpUnn 748, Pig. 107 represents a StiU. A liquid being poured 
Fig. 107. jjjjij (jjg ]^j,gg vessel a, heat ia applied- below, which 
converts the liquid gradually into steam or vapor, which, having 
no other outlet, passes through the spiral tube, called the worm, 
in vessel 5, and from b through another worm, in c. The worm, 
being surrounded with cold water, condenses the vapor ia the 
tube or worm, and reconverts it to a fluid state, and it flows out 



'ThosabjeotofdiatUlat 
but It ia here introduced foi 
t» a trentiio on thnt labjoo 



roporij belongs to 



it of those wlio o 
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at e in a tepid stream. The worm is of different lengths, and ita 
only use is to present a large extent of surface to tlie eold water, 
so that the vapor may readily be condensed. 

749^ The process of diatillation is sometimes used to purify a 
liquid, aa the vapors wliioh rise are umnised with the impurities of 
the fiuid. Imjiortant changes are thus made, and the still becomes 
highly useful m the arts. 

At lahat tern- 750. When water is raised to the tempera- 
^l^ZnLri ^^^^ °^ ^^^° °^ Fahrenheit's thermometer, it 
ed into steam ? is converted into steam. It is then highly 
elastic and compressible. 

Wiat effect '^^^' '^^^ elastic force of steam is increased 
has heat upon by heat j and decrease of heat diminishes it. 
steam. The amount of pressure which steam will exert 

depends, therefore, on its temperature. 

. 752. The temperature of steam is always the 

temperaiwre same with that of the liquid from which it is 
of confined formed, whUe it remains in contact with that liquid ; 
tieam. ^^^ when heated to a great degree, its elastic force 

will cause the vessel in whicli it is contained to hurst, unless it 
is made sufficiently strong to resist a prodigious pressure. 

753. It has already been stated that water is converted into 
steam at the temperature of 212*. When closely confined it may he 
raised to a higher temperature, and it will then emit steam of 
greatly increaeed elastic force, 

JTow is steam '^^^' W^®" ^^J portion of steam comes in 
condensed? contact wJth water, it instantly parts with its 
heat to the water, and becomes condensed into water, The 
whole mass then becomes water, increased in temperature 
hy the amount of heat which the steam has lost. 
On what prop- '''55. This is the great and peculiar property 
eri2/ do the of steam, on which its mechanical agencies de- 
■mechanical , , . , , » . . 

agencies of pend, namely, ds power of exerting a high, 
steam depend ? degree of elastic force, and losing it inslafi- 
taneotisly. 
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Hovimiytlm '''56. There are two wsbya in which eteam 
tnechankal jg iiiaxle instantly to lose ita mechanical force ; 
force of steam , ^ i i , , 

le instantly namely, first, by suddenly opemng a passage 
destroyed? f^j. jta escape into the open air, where it imme- 
diately becomes visible,* by a sudden lossof part of ita heat, 
which it gives to the air ; and secondly, by conveying it to 
a vessel called a condenaer, where it comea directly into 
contact with a stream of water, to which it instantly gives 
up its heat and is condensed into water- 
Whai space '^^'^- Ste^m occupies a space about seven- 
does sieam oc teen hundied times lirger than when it is con- 
"'^y- verted into water But the space that a given 

quantity of wat«i conceited into steam will occupy depends 
upon the tempeiature of the steam The more it is heated 
the greater spite it ^ill fill and tho greater will be its 
expansive foice 

What is the 75S ThB feTE4M ENGINE. — The Steam- 

team-engine gjjg^^g ^ ^ michine moved by the expansive 
force of steam 

In what man "^^^ ^'^^ mode in which steam is made to act 
ner is steam la by causing its expan'*ive force to raise a solid 
made to act? ^^^^^ aci,urate!r itted to the bore of a cylinder, 
like that in tke forcing puraj The piston rises by tte impulse 
of expanding iteara admitted into the cylinder below. When 
the piston is thus raised, if tho steam below it bo suddenly con- 
densed by the admission of cold water, or withdrawn from under 

* Stoam ID a bighl; elaatic state — that i9, nhon at a high temperature — 
is peifectlj dry and iaviaible. The reaeon that we are abis to see it ajirr it 
hiia perfarrmd its vmh and issues from the Gteam-engine ie, that as soon as it 
comea in oonttwit with the air it immediately parts with a portion of ila 
heat (and, becanse air is not a good condnotor, only aportion), and is con- 
densed into small resieles, irhioh present a visible form, resembling smoke. 
Its expanaivs foree, however, is not nh oil; destroyed; for the vesicles them- 
selres expand as they rise, and soon beooms invisible, mingling nith other 
vapors In the air. Cfould ive look into the cylinder, ^jcij nlth highly elastic 
Bteoui, ne should be able to soo nothing. But, that the stenm is there, and 
In ita invisible form eiorting ft prodigious foriip, weltnoiT by the miivements 
uf the piston 
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it, a vacuum will be formed, and the pressure of the atmospliera 
on the piston above will drive it down. The admission of more 
steam below will raise it again, and thus a continued motion 
of tte piston, up and down, will be produced. This motion of 
the piston is communicated to wheels, levers, and other machinery, 
in such a manner as to produce the effect intended. 
Horn was the 760. This is the mode in which the engine of 
of Newcamen Newcomen and Savery, commonly called the at- 
and Savery mospheric engine, was constructed. It was called 
constructed, ^q atmospheric engine because half of the work 
was done by the pressure of the atmosphere, namely, the down- 
ward motion of the piston. 

What improve- 761. The celebrated Mr. James Watt intro- 
"^^z". Z, ■ duoed two important improvements into the steam- 
the steam-en- engine. Observing that tie cooling of the cylinder 
gtnef ]jy j]jQ ^ator thrown info it to condense the steam 

lessened the expansibility of the steam, he contrived a method 
to withdraw tho steam from the principal cylinder, after it had 
performed its office, into a eondensing-chamber, where it is recon- 
verted into water, and conveyed back to the bo'le The other 
improvement, called the douih action, consists sub 1 1 t ng 
the expansive power of steam for the atraospheri j e ne Th s 
was performed by admitting the steam into th ylnl ab ve 
the raised piston, at the same moment that it m d f m 

helmB it i and thus the power of steam is eserted n th rf id 
ing as well as in the ascending stroke of the piston; and a much 
greater impetus is given to the machinery than by the former 
method. From the double action of the steam above, as well as 
below the piston, and from the condensation of the steam after 
it haa performed its office, this engine is called Watt's double- 
acting condensing steam-engine. \See also. No. 766.] 

Explain 762. Fig. 108 represents that portion of the steam- 

" ■ ' engine in which steam is made to act, and propel such 

machinery as may bo connected with it. It also exhibits two 

n* 
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ini]Toveiin,ntsot Ml "Watt 

The pmcipdl paito ire the 

boiler the cyhnder and its 

pi'ston the condenser the 

ail pump the steam j ipe 

the eduction J ipe ind the I 

ostein In this figure A 

represents the hoiler 

tht, cjhnder w th H the 

piston B the iteiin pipe with two branches* communicating 

with the cyhnder the oni, above and the other below the piston. 

This pipe has two valves, F and G-, which are opened and closed 

alternately by machinery connected with the piston. The steam 

is carried through this pipe by the valves, when open, to the 

cylinder, both above and below the piston. K is the eduotion- 

pipe, having two branches, like the steam-pipe, furnished widi 

valves, &o., which are opened and shut by the same machinery. 

By the eduction-pipe the steam is led off from the cylinder, as 

the piston ascends and descends. 

L is the condenser, and a stop-cock for the admission of cold 
water, M is the pump. N is the cistern of cold water in which 
the condenser is immersed, E. is the safety-valve. When the 
valves are all open, the steam issues freely from the boiler, and 
drculates through all the parts of the machine, expelling the 
air. This process is called blowing out, and is heard when a 
steamboat is about starting. 

Now, the valv^ F and Q being closed, and G and P remain- 
ing open, the steam presses upon the piston and forces it down. 
As it descends, it draws with it the end of the working-beam, 
which is attached to the piston-rod J {but which is not repre- 
sented in the figure). To this working-beam (which is a lever 
of the first kind) bars or rods are attached, which, rising and 
falling with the beam and the- piston, open the stop-cock 0, ad- 
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uiltting a stream of cold water, which meets the steam from tlie 
cylinder and condenses it, leaving no force helow the piston to 
oppose its descent. At this moment the rods attached to the 
working-beam close the stop-oooks & and P, and open F and Q. 
The steam then flows in below the piston, and tushes from above 
it into the oondenaer, by whicli means the piston is forced np 
again with the. same power as that with which it descended, 
Thus the steam-cocks G and P and P and Q are alternately 
opened and closed ; the steam passing from the boiler drives the 
piston alternately upwards and downwards, and thus produces 
a regular and continued motion. This motion of the piston, 
being communicated t« the working-beam, is extended to other 
machinery, and thus an engine of great power is obtained. 

The pump M, the tod of which is connected with the working- 
beam, carries the water from the condenser back into the boiler, 
by a eommunication represented in Fig. 109. 

The safety-valve R, connected with a lever of the second 
kind, is made to open when the pressure of the steara within the 
boiler is too great. The steam then rufihing through the aperture 
under the valve, temovoa the danger of the bursting of the boiler, 

Ho«> is the 763, The power of a steam-engine is gen- 

sieam^n'Hne orally expressed by the power of a horse, 
estimated? which Can raise 33,000 llffi. to the height of 
one foot in a minute. Aq engine of 100 horse power is 
one that will raise 3,300,000 lbs. to the height of one foot 
inone minute. 

W!iat are the 764. The steam-engine is constructed in va- 
V kinds of ^j^^g g^j.^g^ ^^^ ^^ ^^^ manufacturers follow- 



oniAoicrfoiA^ying exactly the same pattern; but the two prin- 
differ? Qjpg^[ jjjnds are the high and the low pressure 

engines, ot, as they are sometimes called, the non-condensing and 
the condensing engines. The non-condensing or high-ptessure 
engines differ fi-om the low-pressure or condensing engines in 
haying no condenser. The steam, aftet having moved the piston, 
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is let off into the open air. As this kind of engine occupies less 
space, and is mucli less complicated, it is generally used on rail- 
roads. In the low-pressure or condensiog engines, the steam, 
after having moved the piston, is condensed, or converted iato 
water, and then conducted back into the boiler. 



Who VI 



765. The steam-engine, as it is constructed 
principal' im- ** ^'^^ present day, is the result of the inventions 
provers of the and discoveries of a number of distinguished indi- 
J am-engme. -^^„^ig^ ^^ different periods. Among those who 
have contributed to its present state of perfection, and its ap- 
plication to practical purposes, may be mentioned the names of 
Somerset, the Marquis of Worcester, Savery, Newoomen, Fulton, 
and especially Mr. Jamea Watt. 

7G6, To the inventive genius of Watt the engine ia indebted for 
the condenser, the appendages for parallel motion, the application of 
the governor, and for the double action. In the words of Mr. JeSrej, 
it mOThe added, that, "by his admiralile contrivances, and those of 
Mr. Fulton, it has become a thing alikH stupendous for its force and 
ita flesibility ; for the prodi^oua imwer it can exert, and the ease 
and precision and ductjiity with wliii'.h it can be varied, distribnted, 
and applied. The trunk of an eleplmnt, that can pick up a pin, or 
rend an oak, is as nothing to it. It can engrave a seal, and crush 
mafisea of obdurate metatbefore it; draw out, without breaking, a 
thread as fine as gossamer, and lift up a ahip of war like a bauble 
in the air. It can embroider muslin, and forgo anchors; cut ateel 
into ribands, and impel loaded vessels against the futy of the winds 

Explain ■ 767. Fig. 109 represents Watt's double-aotjng oondens- 
^ ing steam-engine, in which A represents the boiler, con- 

taining a large quantity of water, whioh is constantly replaced aa 
fast as portions are converted into steam. B is the steam-pipe, 
conveying the steam to the cylinder, haying a steam-cock b to 
admit or. exclude the steam at pleasure. 

C is'the cylinder, surrounded by the jacket c c, a space kept 
constantly supplied with hot steam, in order to keep the cylinder 
from being cooled by the external air. D is the eduction-pipe, 
communicating between the cylinder and the condenser. E is 
he condenser, with a valve e, called the injection-cook, admitting 
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a jet of cold water, wtioh meeta tlie steam the instant that the 
steam enters the ooadeaser. E is the air-pump, which is a com- 
mon suction-pump, hut is hero' called the air-pump hecause it 
removes from tho condenser not only the water, but also the air, 
and tho ateam that escapes coadensatlon. G- G- is a cold-water 
cistern, which surrounds the condenser, and supplies it with cold 
water, being filled by the cold-water pump, which is represented 




by H lis the hot well containing watei fiom the condenser. 
K IS tho hot water pump which conve>i, back the water of oon- 
densition from fho hot well lo (he boiler 

L L are leveri which open and shut the values in the chan- 
nel between the steam pipe cylinder eduction pipe and con- 
denser which levers are raised or depre'ised by projections 
attached to the piston rod of the pump M M is in tpparatus 
for changing the circular motion of the working-beam into par- 
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(dlel motion, so tliat the piston-rods are made to move in a straight 
line, N N ia the working-beam, which, being moved by the 
rising and falling of the piston attached to one end, oommuni- 
oates motion to the fly-wheel by means of the crank P, and from 
the fly-wheel the motion is communicat«d hy hands, wheels or 
levers, to the otherpartsof the machinery. is the governor. 

The governor, being connected with the fly-whoel, is made to 
participate the common motion of the engine, and the balls will 
remain at a constant distance from the perpendioular shaft so 
long as the motion of the engine is uniform ; but, whenever the 
engine moves fester tliau usual, the balls will recede further from 
the shaft, and by partly closing a valve connected with the 
boiler, will diminish the supply of steam to the cylinder, and 
tliiis reduce tlie speed to the rate required. 

The steam-engine thus constructed is applied to boats to turn 
wheels having paddles attached to their circumference, which 
answer the purpose of oars. [See Fig. llO.j It is used also 
in work-shops, factories, &c. ; and different dii'ections and veloc- 
iiies may be given to the motion produced by the action of the 
Hteam on the piston, by connecting the piston to the beam with 
wheels, axles and levers, according to the principles stated 
viflder the head of Mechanics, 

Steamboats are used principally on rivers, in harbors, bays, and on 
the coast. They are made of all sizes, and carry engines of diSerent 
power, proportioned to the size of the boat. 

Ti.., at ™=i,iv< r.On. Bv™- nn !„ odiUtT™ 



The steamship \See Fig. Ill], in addition to its stoam-engines 
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and ptiddlea, is ri^ed nitli masts and sails ta increaee tlie speed, or 
to make progreaa if the engines get out of order. 

The Propeller differs from a steam-boat or steam-ship, by havine 
an immense screw projecting from under the stem of the ship, instead 
of paddle-wheels. The Hcrewis caused to revolve by means of steam- 
engines, and forces tha vessel forward by its action on the water. 

What is the '^^^- ^'^^ locomotive engine is a high- 
locomotive pressure steam-engine, mounted on wheels, 
s eaja-engine. ^^j ^^^ ^ draw loads on a railroad, or other 
level road. * It is uaually accompanied hy a large wagon, 
called a tender, in which the wood and water used hy the 
engine are carried. 

Explain 769. Fig, 112 represents a mde view of the internal 
^^' ' constructioa of a locomotive steam-engine; in wliich 
F represents the fire-bos, or place where the fire is kept ; D 
the door through whieh the fuel is introduced. The spaces 
marked B are the interior of the boiler, in which the water 
stands at the height indicated by the dotted line. The boiler is 
closed on all sides, ail its openings being guarded by valves. 
The tubes marked p p conduct the smoke and flame of the fuel 
through the boiler to the chimney C 0, serving, at the same 
time, to communicate the heat to the remotest part of the boiler. 
By this arrangement, none of the heat is lost, aa these tubes are 
all surrounded by the water, S S S is the steam-pipe, open at 
the top "V 8, having a steam-tight cock, or regulator, V, which 
is opened and shut by the lever L, extending outside of the 
boiler, and managed by the engineer. 

The operation of the machine is as follows : The steam being 
generated in great abundance in the boiler, and being unable to 
escape out of it, acquires a considerable degree of elastic force. 
If at that moment the valve V be opened, by the handle L, the 
eteam, entering the pipe 8, passes in the direction of the arrow, 
through the tube, and enters the valve-bos at X. There a 
sliding-valve, which moves at the same time with the machine, 
opens for the steam a communication successively with each end 
of the cylinder below. Thus, in the figure, the entrance on the 
right hand of Uie sliding-valve is represented as being open, and 

iu.-..i;XioOglc 
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the steam follows in the direction of the arrows into the cylinder, 
where its espaBsive force will move the pistoii P in the direc- 
tion of the arrow, Tlie steam or air on the other side of the 
piston passes out in the opposite direction, and is conveyed by a 
tube pacing through G G into the open air. 

The motion of the piston in the direction of the arrow causes 
the lever N to dose flie siiding-valve on the right, and open a 
communication for the steam on the opposite side of the piston 
P, where it diives the piston back towards the an'ow, at the 
same time aifording a passage for the steam on the right of the 
piston to pass into the open air. 

Motion being thus given to the piston, it is communicated, by 
means of the rod E, and the beam G, to the cranks K K, which, 
being connected with the iSile of the wheel, causes it to turn, 
and thus move the machine. 

Thus constructed, and placed on a railroad, the locomotive 
steam-engine is advantageously used as a substitute for horse 
power, for drawing heavy loads. 

The apparatus of safety-valves, and other appliances for the 
management of the power produced by the machine, are the 
same in principle, though differing in form, with those used in 
other steam-engines; for a particular description of which, the 
Student is referred to practical treatises upon the subject. 

. , 770. The Stationary Sxeam-engikb. — 
What IS tne 

hesi form of Tills engine is generally a high-preasur© ot 
the steam-en- non- condensing engine, used to propel ma- 
chinery in work-shops and fectories. As it ia 
designed for a labor-saving machine, it is desirable to com- 
bine eimplicitj and economy with saiety and durability in 
its construction ; and that form of this engine is to be pre- 
ferred which in the greatest degree unites these qualities. 
Des,^ibetheSla- "iTi- The figure on page 207 represents 
tionary Steam- Tufls' stationary steam-engine,* with sections of 
engine. ^j^^ interior. Like the double-acting condens- 

* This engine was oonBtruoted by Mr. Otis Tufts, of East Boston. Mas- 
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ing en^ne of Mr. Watt, described in Fig. 109, it is furnished 
with a governor, by which the supply of steam ia regulated; 
and, like the locomotive, Fig. 112, the cylinder, with its piston, 
has a horizontal position. The steam ia admitted into the valve- 
box through an aperture at E, in the section, and from thence 
passes into the cylinder through a sliding- valve, alternately to 
each side of Ihe piston P, as is represented by the direction of 
tie arrows, the sliding-valve being moved by the rod V, commu- 
nicating with an " eooentrie " apparatus attached to the axis of 
the fly-wheel. The direction of the current of steam to the 
valve-box is represented by the arrow at I, and its , passage ouU 
ward from the cylinder, after it has moved the piston, is seen at 
0. In this engine there is no working-beam, as in Watt's 
engine, Pig. 109, but the motion is eommunicated from the pis- 
ton-rod to a crank connected with the fly-wheel, which, turning 
the wheel, will move all machinery connected either with the 
axle or the circumference of that wheel. 

Pig. 115 represents the Locomotive Steam-engine in one of 
its most perfect forms, as used on railways at the present day. 
772. Optics.— Optica is the science ■which 
" ■ treats of light, of colors, and of vision. 
Sow are all sub- "^^3. The science of Optics divides all sub- 
sCaitces co-nsidr stances into the following classes: namelj, 
"* " luminous, transparent, and translucent; re- 

flecting, refracting, and opaque. 

774. Luminous bodies are tht^e which 
bine by their own light ; such as the sun, 
the stars, a burning lamp, or a fire. 



"What are Ivmi- 



BaobusBttB. It is the engine used to propel the maoliinery at a loto Fa! 
of the Massaohuaetfa Meehanio Aaaoeiation, where it was very highly am 
jnstly commended for its beaut; aud eimplicit; of conEtruotiuD, and thi 
psrfeotlj " noisfieiK tfnor of ila way." Tho figura which representa it ia ai 
electrotype copy of a Btael plato, designed by Brown & Harbrya, nndec tin 
dlreolion of Mr. Tufts. The elootrotypB copy wae tolien by Mr. A. Wiiooi 
Wasiiingtcin-street. Bostoa. The elsetrotype proeess iilll be notioed in i 
■ulieequeiit page of tliis volume. 
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Wkataretrans- '?T5. Transparent Substances are those 
forent sub- which allow light to pass through them 

freely, so that objects can be distinctly seen 
through them; as glass, water, ah', &c.* 

776. Translucent bodies are those which 
^ iToI^'^Y' P^''"'' ^ portion of light to pass through 

them, but render the object behind them in- 
distinct; as born, oiled paper, colored glass, &c. 

WJtta are re- '^'^'^- Kefiecting substances are those which 
fiecting svi- do not permit light to pass through them; 
""^ but throw it off in a direction more or less 

oblique, according as it falls on the reflecting surfece ; as 
polished steel, looking-glasses,' polished metal, &c. 

778. Refracting substances are those which 
What are re- , .i. t i j. p -j. ■ ■,. 

fraciina- suit- tui"n the ijght irom its course in its passage 

stances? through them; and opaque substances are 

those which permit no light to pass through them, as met- 
als, wood, &c. 

Whaiis light? 779. It is not known what light is. Sir 
^'^"LT-* *^ Isaac Newton supposed it to consist of 
spelling the na- exceedingly small particles, moving from 
ture 0/ light? luminous bodies; others think that it con- 
sists of the undulations of an elastic medium, which fills 
all space.f These undulations (as is supposed) produce tho 

* Ho ButstnDOe thot ejiiats on our earth is pafccily traneparent, and light 

lont media, and the diminution ib suffers nill varj as tho mediara is more 
or less transparent, and as the passage it makes is of greater or less length. 
The exaot ratio in whieh light is dhninished has not ;et been determined ; 
it is, liowever, an established faot, that even those bodies whioh approach 
most neatly to perfect traasparencj beoome opaque when theit thickness is 
considerabl; iuereased. 

t Theae two theories of light are called reapsetively the ewpiissutnr and 
the wuliUiUm-y theory. By the former the reflection of light is supposed tc 

biLS been oiplained under the head of Mechanics [jee ift; 165, page iD]. 
By the latter tho propagation of light takes plaeo from every luminous 
point, by means nf the nndnlatory moTcments of the ether. On this bypoth- 
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sensation of light to the eye, in the same manner as the 
vibrations of the air produce the sensation of sound to the 
ear. The opinions of philosophers at the present day are 
inclining to the undulatory theory. 

What is a ray 780. A ray of light is a single line of 
of hght. ]jg]j(. proceeding from a luminous body. 

781. Raya of light are said to diverge 
vhen they separati 
widely as they j 
from a luicinous body. 

Fig. 116 represents the 
E^^lain mg. ^^^g ^f jjgf^^ diverging as ihey j 
luminous body, from F" to D. 
782. It will be seen by this figure that, s 
every direction, its intensity must dectaaBe w 
this decreaae is determined by a fixed low. The light reiieived upon 
any Borfiioe decreases as the square of the diatanco increases. 
Thus, if a portion of light fall on a surface at the distance of two 
feet frora any luminary, a surface twice that distance will receive 
only one-fourth as much light ; at three times that distance, one- 
ninth ; at four times tha distance, one-sixteenth, &e. Hence a per- 
son can see to read at a short distance from a single lamp much 
batter tlian at twice the same distance with two lamps, &c. 

When are rays 783. Eays of light are said to converge 
faniSgfr " '*'^^'^ ^^'^7 approach each other. The point 

esis, the icmej of light follow tha general lawB of the rofleetion of all 
elaskieflmita, and, Hcoordinglj, ererj ware from evary point, wliaii it im- 
pingo! on nnj resisting objoet ao as to ba refloated, forma a new wave in its 
course bnei, having its aeatre es raaelt on tbe other side of the obstaole as 
tibe centre of the original wave was on this sida. la the ease of light tho 
oentre of the original wave is, obvional;, the luminous point. There is a 
remarkable similnritj, therefore, between the reSeotion of light, and echo, 
or the reflgetinn of aoand. It has been shown, under the head of AeonBtiod, 
that when two waves meet uuder oertaio oiroumatanoes, the elevation of 
one wave eiaotlj filling up the dapresaion of anotlier wave, prodnoea wbal 
is oalled the acoustic pia-adois, namely, two sounds pnnlitdng silence. It will 
readily be seen that the same undnlatory movements in Optioa will pradnoe 
the same nnalogoua effaot ; or, in other words, that "w rnyi of ligki maj 
prodace darkaait ; and thia may, with equal propriety, ba termed the optical 
patadax. But a clear undeistanding of the ptiuoiplea involved in what 
is oalled respectively the hydroalBtio, pnenmatio, aoouatia and optical pai-a 
dox, shows that there is no paradox at all, but thai eaoh is tha neoeasary 
result of certain filed and determioate Ims. 
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at which converging rajo meet is cilli^i 
the focus. 

Fhplain fig. ,,gj.gi„g j-ajs of hght ot 

which the joint B" i"! tho fooua 

Wkatisabeam 784. A heim of mils. 

oflightt lightconsistsoiman^ ^Xa 

r^js running in parallel hnea 

E^flain Fig. pig, ng represents a beam of light. 

785. A pencil of lajs is a collection of 
What is a pen- ... r c tti ■ _ 

cilofram' diverging oi u)nveiging rays [See Figs. 

116 and 117 ] 

786 Light pioi-eeding from a luminous 
lion and with hodj 13 piojectcJ foi^iid m btrai^lt lines m 
Kkat rapidiiy, e(i,ry possible duect on It mo^es with a 

s g ma . pjjjj^ifj but Jjttlg glioj.^ (jfj^Q JjyjjJieiJ thou 
sand miles in a second of time 

787 E\ery jomt of a luminous tody la 
of'"a luminous ^ (i^ntie fioni which light radiates m e^ery 
body does light dnection Bays of light proceeding fiom 
procee . different bodies cross each othei w thout 
interfering. The tays of 1 ght which mue fiom tene'stiial 
bodies continually diveige until they meet ^sith a refnct- 
ing substance but the lays of the sun diveige so 1 ttle on 
account ofthe immense distance uf tint lummiij thit tbty 
are considered parallel 

7bb A sh'idow IS the diikness pitduced by 
sJiJow'? " ^^''® mtctventioii of an opique body which pre 
vtnta the lajs of hght fiom rea<'hmg ■m object 
behind the opaque body 

7S<> Shadows are of diffeiert de^ees of 
rtujs 0/ rfi/ereiii darkness because the light fiom othei kmi 
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d s of da I nous bol% reacle tie p t wlere tie 
si a low s formed Tl t a ladow tie 

form d 1 e two can Ilea e b n^ on that 

si a low w II be 1 oth dcepe an 1 da 1 e f one of the can 
lies bo eit ng shei The la k e s of a 1 ido t p opor 
1 e I to the nte is ty of t! e lij,ht yhen the si low a 
produced by tl e nte ruj t n of tl e ray f om i c^^le 
1 m nou9 body 

Whafodce, "''^ As tl e deg ee of 1 1 1 II kne s 
keda ies can be est n ted only by ompa o the 

''""^^ stron^at ! gl t n 11 ajpe r to p od ce the 

deepest shadow Hence t total e hpse of 1 o sun occa 
s ona a more sens ble d L e s than m In ght because t a 
mmediately cent asted y th the et ong 1 ght of d^y Hence 
also by caus g tl e si low of a s gle object to be thrown 
onasurfae — as fo nstanc then 11 — font oormore 
1 ghtq we can tell lbs the b gl test 1 J t becau e t 
w 11 ea se tl e da ke t shadow 

791 AVben a luminous body le larger than 
shnp^ of the ^^ opaque body, tne shadow ot tht opaque 
shadovi of an, body ivdl gradually dimmish in fci^e till it 
op qve J teiminatea m a point The foim of the 
shadow of a spheiical body wdl be that of a cone 

Ii^ U'i Aiepie 
E^plam Fig ^^^^^ ^^^^ ^^^ ^^^ g ^ Bg lis 

tie moon The eun 
being much liiger than ihe moon 
causea it to (,i.st a conveiging sh iflow 
which terminites at E 

792. When the luminous body is smaller than the 
opaque body, the shadow of the opaque body will gradually 
increase in size with the distance, without limit. 




In Fig. 120 the shadow 
of the object A increases 
in size at the different dia- 
lanees B, C, D, E; or, in 
otter words, it constantly 
diverges. 

793. When several laminous bo lies ahine upon the same 
object, each one will produce a shadow 

What is it the ^^S- 1^1 repres-nta a lall A, illamiuated by 
object of Fig. the three r^an ,,^ ,,, 

mtosko.^ die. B, C, and 
I>. The light B produces thi. 
shadow b, the light the shadow 
c, and the light D the shadow d 
but, as the light from each of the 
candles shines upon all the sha 1 



ows except its i 
will be faint. 



ra, the shadows 




What becomes of 
the light which 
faUs on an 
opaque object ? 



I light 



794. "When rays of light fall upon an 
paque body, part of them are absorbed, and 

part ai-e reflected. 

ight is said to ho reflected when it is 

thrown oS' from the body on which it falls ; 
■^ * and it is reSected in the largest quantities 

from the most highly polished surfaces. Thus, although 
most substances reflect it in a degree, polished metals, look- 
ing-glasses, or mirrors, &c., reflect it in so perfect a man- 
ner as to convey to our ejos, when situated in a proper 
position to receive them, perfect images of whatever objects 
shine on them, either by their own or by borrowed light. 

795. That pait of the science of Optica 
■rics' " " "^" which relates to reflected light is called 

Catoptrics. 
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What is the fun- '^^^- ^^^ ^^''^^ '^^ reflected light are the 

damental law of same a3 those of reflected motion. Thus, 
Catopirtts. when light Mia perpendicularly on an 

opaque body, it is reflected back in the same line towards 
the point whence it proceeded. If it fall oblic[uely, it will 
be reflected obliquely in the opposite direction ; and in all 
eases the angle of incidence wili be equal to the angle of 
reflection. This is the fundamental law of Catoptrics, or 
reflected light. 

797. The angles of incidence and reflection have already been 
described under the head of Mechanics [see explanatioti of 
JVg'.10,iVo.l62];but, as all the phenomena of reflected light 
depend upon tlie law stated above, and a clear idea of these 
angles is necessary in order to understand the law, it is deemed 
expedient to repeat in this connection the explanation already 

An incident ray is a ray proceeding to or falling on any sur- 
fac«; and a reflected ray is the ray which prooeedsyj-om any 
reflecting surface. 

Fig. 122 is designed to show jig. ija. 

E^/oin Fig. |.jjg ^^g^gg ^f incidence and of ] 

reflection. In this figuie, M 
A M is a mirror, or reflecting surface P is 
a line perpendicular to the surface. I A rep- 
resents an incident ray, falling on the minor 
in such a manner as to form, with the perpen 
dicular P, the angle I A P. This is called 
the angle of incidence. The line E. A is to 
be drawn on the other side of P A in such a manner as to have 
the same inclination with P A as I A has : that is, the angle 
R A P.is equal to I A P. The line E. A will then show the 
course of the reflected ray ; and the angle E A P will be 
the angle of reflection. 

From whatever surface a ray of light is reflected. — whether it 
bo a plain surface, a convex surface, or a concave surface, —this 
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law invariably prevails; bo that, if we notice the inolination of 
any incident ray, and the situation of the perpendicular to the 
surface on which itfalla, we nan always determine in what mB.G- 
ner or to what point it will be reflected. This law explains the 
reason why, when we are standing on one side of a mirror, we 
can see the reflection of objects on the opposite side of the roAn, 
but not tbose on the same side on which we are standing. It also 
explains the reason why a person can see his whole figure in a 
mirror not more than half of his height. It also accounts for 
ail the apparent peculiarities of the reflection of tho different 
kinds of mirrors. 

Ho}a are lit- 198- Opaijue bodies are seen only by re- 
tninous and fleeted light. Luminous bodies are seen by 
opaque bodies . - , . , , - i . i i • i ■. 

respectieely the rays Of bght which tney send duectly xa 

^*^ ' our eyea. 

What fffeci 799, All bodies absorb a portion of the light 
ont^ntm- which they receive ; therefore the intensity of 
sity of tight ; light is diminished every time that it is reflected. 
What does 800. Every portion of a refiecting surface 

^'re^aing reflects an entire image of the luminous body 
turface rejeci ? shining upon it. 

,,„ , When the sun or the moon shines upon a 

Why do we ^ 

not lee many sheet of water, every portion of the surface reflects 
'"tages qfthe ^n entire image of the luminary; but, as tho imago 
" ' d bv a ''^^ ^^ ^''^" ""^y ^y reflected rays, and as the 
- angle of reflection is always equal to the angle of 
incidence, the image from any point can be seen 
only in the reflected ray prolonged. 

Whydoobjects ^^^- Objects seen by moonlight appear fainter 
appear fainter than when seen by daylight, because the light by 
iy moonhghi ? ^j^j^j^ ^^^^ ^^^ ^^^^ j^^^ ^^^^ |.^j^g reflected ; for. 

the moon is not a luminous body, but its light is caused by the 
Bun shining upon it. This light, reflected from the moon and 
ialling upon any object, is again reflected by that objeiit. It 
1!) 



rejecting 
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Buffers, therefore two refle to s anl eajorto ilsorbed 
by eaoh surface that refle ts t tl e 1 ght n stVej o port on 
ally fainter In trave ng the atmo jhe e 1 o the raj l/oth 
of the sun a d moon suffer lunin i on fo altho ^h pu e r 
is a tra aparent med mu wh oh transm fs tho rays of 1 ght 
freely, it is generally su charged w th vaj ors and cxhalat ons 
by which some pott on of 1 ght s ab&orbed 

80'' All obj cts aie seen Ij neans of the 
objestim s iaj9 oflglt emanat ng 01 reflected f omthem 
*^' anl the efo e -when lo IJt falls pon an 

opaque body t is inv sible 

This s fEie reason why one I t lum n u bod es n bo 
seen in the d rk For 11 e san e e on obie ts n the sha le or 
in a darke ed room appear d st ct wh le those wh ch are 
eiipoBed to a tron^ 1 ^jht can be clea Ij een We ee the 
things aro ulna when the s n beonotshned ectly pon then 
solely by means of refleoted light. Everything on which it 
shines directly reflects a portion of its rays in all possible direc- 
tions, and it is by means of this reflected light that we are 
enabled to see the objects around us in the day-time which are 
not in the direct rays of the aan. It may here also be remarked 
that it is entirely owing to the reflection of tie atmosphere that 
tiie heavens appear bright in the day-time. If the atmosphere 
had no reflective power, only that part would be luminous in 
which the sun is placed ; and, on turning our back to the sun, the 
whole heavens would appear as dark as in the night; wc should 
have no twilight, but a sudden transition from the brightest 
sunshine to darkness immediately upon the setting of the sun. 
803. When rays of light, proceeding from 
qfliffhi mter ^^J object, enter a smal! aperture, they croaa 
a smaU aper- one another, and form an invei'ted image of the 
object. This is a necessary consequence of the 
law that light always moves in straight lines. 
Kcplain ^^4. Fig. 123 represents the raja from an object, 
Fi^. 123. a e, entering an aperture. The ray from a passes 



lown through the aperture to d, and the ray from t 
op to 5, and thus these rays, crossing at the aper- 
ture, form an inverted image on the wall. The 
room in which this experiment is made should he 
darkened, and no light permitted to enter, escept- ' 
inw through the aperture. It then becomes a 
camera obscura. 

805 These woi^s signify a darkened chamber, In the future i3e- 
sciiption which will be given of lheei/e,it will be seen that the 
camera oliaoura is constructed on the same principle as the eve. If a 
convex lens be placed in the aperture, an inverted picture, not only 
of a single object, but of the entire lanilscape, will be found on the 
wall, A. portable camera obscura is made by admittina the light 
into a bos of any size, through a convex lens, which flirow^ the 
image upon an inclined mirror, from whence it is reflected upwards 
to a plate of ground glass. In this manner a beautiful but dimin- 
ishedimitge of the landscape, or of any group of objects, is present- 
ed on the plata in an erect position. 

XVhaih ike ^^^- The angle of vision ia the angle formed 
angle of at the eye by two lines drawn from opposite 
parts of an object. 



WW 
object of 
Figures 
and 125 



the 



807. The 8 



gle 0, in Fig. V. 

. The line A C, proceeding froi 




extremity of the object, n 
from the oppoffl.te oxtvem- n 

itj, and forms an angle 
at the eye; — this ia the ^. 

angle of vision. 

808. Fig. 125 r( 
the different angles made 
by the same object at dif- 
ferent distances. From an inspection of 
the figure-, it is evident that the nearer 
the object is to the eye, the wider must 
be the opening of the lines to admit the 
extj-emities of the object, and, consequent- 
ly, the larger the angle under which it if 
trary, that objects at a distance will form small angles of vision. 
Thus, in this figure, the three crosses F fi, D E, and A B, are 

iu.-.cu,Ci00Qlc 
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!ill of the same size ; but A B, being the most distant, fjubtenda 
the smallest angle A C B, while D E and P G, being nearer to 
the eye, situated at C, form, respectively the larger angles DOE 
and FOG. 

809. The apparent size of an object depends upon 
iheaVfLT the size of the angle of vision. But we are accus- 
KM of an ob- tomed to correct, by experience, the fallacy of ap- 
yect depend, pgarances; and, therefore, since we know that real 
objects do not vary in size, but that the angles under which we 
see them do vary with the distance, we are not deceived by the 
variations in the appearance of objects. 

ThuH, a house at a distance appears absolutely smaller than the 
window through which we look at it ; otheni'iso we could not see 
it through the window ; but our knowledge of the real size of the 
house prevents our alluding to its apparent magnitude. lu Fig. 124^ 
it will be seen that the several crosses, A B, D E, F G, and H I, 
ftlthough very diferent in size, on account of their different distances, 
subtend the same angle A B ; they, therefore, all appear to the 
eye to be of the same size, while, in Fig. 125, the three ODJects A B, 
D E, and F G, although of the same absolute size, are seen at a dif- 
ferent angle of vision, and they, therefore, wUl seem of different 
sizes, appearing larger as they approach the eye. 

It is to a correct obaervance of the angle of vision that the art of 
perspective drawing is indebted for ita aoouraoy. 
W^enis an 810. When an object, at any distance, does 
m^camnt'of ^'^^ subtend AH angle of more than two seconds 
is distance ? of a degree, it is invisible. 

At the distance of four miles a man of common stature 
will thus become invisible, because his height at that distance 
will not subtend an angle of two seconds of a degree. The size 
of the apparent diameter of the heavenly bodies is generally 
stated by the angle which they subtend. 

,„. . 811. When the velocity of a moving body 

When IS mo- •' . ° ,•' 

lion imper- doea not exceed twenty degrees in an hour, its 
eeptible! motion is imperceptible to the eye. 

It is for this reason that the motion of the heavenly 
bodies is invisible, notwithstanding their immense velocity. 

812, The real velocity of a body in motion round a point de- 
pends on the space comprehended in a degree. The more dis- 
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tant the moving body from the centre, or, in other words, the 
larger the circle which it has to describe, the larger will be the 
degree. 

813. In Fig. 126, if the man at A, and the ^'s- J^s- 

man at B, both start together, it is manifest 
that A must move more rapidly than B, to j^''" 

arrive at at the same time that B reaches / 
D, because the arc A C is the arc of a larger / /" 
circle than the arc B D. But to the eye at E / . / 
tlie velocity of both appears to be the same, ° ^^ 

because both are seen under the same angle of vision. 

814. A mirroi' is a smooth and polished sur- 
mirrori and ^^''^j '^^'^^ forms images hy the reflection of the 
how are they rays of light. Mirrors (or lookieg-glaases) 
'""^^ are made of glass, with the back covered with 

an amalgam, or mixture of mercury and tin foil. It is tho 
smooth and bright surface of the mercury that reflects the 
rays, the glass acting only as a transparent case, or cover- 
ing, through which the rays find an easy passage. Some 
of the rays are absorbed in their passage through the glass, 
because the purest glass is not free from imperfectiona. For 
this reason, the best mirrors are made of an aUoy of copper and 
tin, called speculum metal. 

What are the ^^^- '^^^^^ *^ ^^^^^ kinds of loirrors, 
tli^ereai kinds wunelj the plain, the concave, and the con- 
qf trvrors ^^^ mirioi 

Plain minors aie those which have a flat surface, such 
as a common looking glass ; and they neither magnify nor 
dimmish the m age of objects reflected from them. 

816 The reflection from plain mirrors is always 
are 'objects re- obedient to the law that the angles of incidence and 
fleeted from a reflection are equal. For this reason, no person 
looldTig- glm ? ^^^ g^^ another in a looking-glass, if the other can- 
not see him in return. 

19* 
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How do look- 817. Looking-glasses or plain mirrors cauao 
'vwi^ Uohiecis ^'^rything to appear reyersed. Standing before a 
appear? looking-glass, if a perBoa holds up his left hand it 

will appear in the glass to be the right. 

818. A looking-glaaa, t.o reflect the whole person, needs he bnt half 
of the length of-the person. 

819. When two plain mirrors stand opposite to each other, the 
refleoUone of the one are cast upon the other, and to a person be- 
tween them they present a long-continued vista. 

820. When two refteoting Hurfaoes are inclined at an angle, the 
reflected objects appear to EsTe a common oenhre to an eye viewing 
them obliquely. Tt ia on this principle that the kaleidoscope is 
constmcted. 

What is a 821, The Kaleidoscope consists of two reflecting 

Xu/eidoseope .' surfaces, or pieces of looking-glass, inclined to 
each other at an angle of sixty degrees, and placed between 
the eye and the objects intended to form the picture. 

Tke two plates are enclosed in a tin or paper tube, and the 
objects, consisting of pieces of colored glass, beads, or other 
highly-colored fragments, are loosely confined between two cir- 
cular pieces of comraoii glass, the outer one of which is slightly 
ground, to make the light uniform. On looking down the tube 
through a small aperture, and where the ends of the glass plates 
nearly meet, a beautiful figure will be seen, having six angles, 
the reflectors being inclined the six(h part of a circle. If in- 
clined the twelfth part or twentieth part of a circle, twelve or 
twenty angles will be seen. By turning the tube so as to alter 
the position of the colored fragments within, these beautiful forma 
will be changed ; and in this manner an almost infinite variety 
of patterns may be produced. 

The word Kaleidoscope ia derived from the Greek language, and 
means "the sight of a beautiful form." The instrument was in- 
vented by Dr. Brewster, of Edinburgh, a few years ago. 

822. A convex mirror ia ^ portion of the external sur- 
face of a sphere. Convex mirrors have therefore a. convex 
Buria«e, 

823, A concave mirror is a portion of the inner surface 




of a hollow sphere. Concave mirrors' have therefore a con- 
cave surfece. 

Explain 824, In Fig. 127, M N represents hotk a 
Fig. 127- and a concave mirror. They are both a portior 
sphere of which is the centre. Tke outer part of M N i; 
convex, and the inner part is 

Dj B P, represent rays 
falling on the convex mirror 
M N, As the three rays are 
parallel, they would all be per- 
pendicular to a plane or flat 
mirror ; but no ray can fall 
perpendvndarly m 
or convex mirror which is not 

directed towards the centre of the sphere of which the mirror ts 
a portion. For this reason, the ray D is perpendicular to the 
mirror, while the other raye, A B and E F, fall obliquely upon 
it. The middle ray therefoie, falling perpendicularly on the 
mirror, will be reflected back in the same line, while the two 
other rays, falling obliquely, will be reflected obliquely ; namely, 
the ray A B will bo reflected to G-, and the ray B F to H, and 
the angles of incidence A B P and B F T will be equal to the 
angles of reflection P B U and T F li ; and, since we see objects 
in the direction of the reflected rays, we shall see the image at 
L, which is the point at which the reflected rays, if continued 
through the mirror, would nnite and form the image. This point 
is equally distant from the surface and the centre of the sphere, 
and is called the imaginary focus of the mirror. It is called the 
imaginary focus, because the rays do not really unite at that 
point, but only appear to do so ; for the rays do not pass through 
the mirror, since they are reflected by it. 

825. The image of aii object reflected from a convex 
mirror is smaller than the object. 
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„„ . , 826. This is owing to the divctsDiice of the re- 

Whai IS Ihe „ , , " . ° , ^ 

object of fleeted rays. A convex mirror converts, by rejtec- 

Fig. 128! tion, parallel rays into divergent rays ; rays that 



fall upon the 
gent hy reflection, 
parallel, or lesa oo 
vergent. If, then, i 
object, A B, 

1 f J 



r divergent are rendered still more diver- 
and convergent rays are reflected either 

Kg, 138. 




fl tedl 



f, it, and will n 
a t C , th a eje placed ii 

laya will see the image formed in 
at a b ; and, aa the image is seen i 
object, it will appear smaller than 



When, loill 
t/ie image r 
JUctedfron 



ot come to a focus until they 

1 the direction of the reflected 

(or rather behind) the mirror 

iiider a smaller angle than the 

the object. 

y 827- The true focaa of a concave mirror ia 

of a point equallj distant from the centre and the 

surface of the sphere of which the mirror is a 

portion, 

828. When an object is farther from the con- 
cave surface mirror than its focus, the image will be 
inverted; but when the object is between the 
vprig/u, and mirror and its focus, the image will be upright, 
^ , and grow larger in proportion as the object is 

placed nearer to the foeua. 
W&at pe- 829. Concave mirrors have the pecdiar prop- 

culiarprop- grty of forming images in the air. The mirror 
and the object being concealed behind a screen, 
or a wall, and the object being strongly illumi- 



erty have 
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nated, the rays from the object fall upon the mirror, and are 
refleefed by it through an opening in the screen or wall, forming 
an image in the air. 

Showmen have availed themselvea of this property of eoncaye 
mirroFs, in prodiiciog the appearance of appayitif>n9, which have 
terrified the young and the iterant. These images have beea pre- 
sented with great distinotnesa and beauty, by raising a fine trans- 
parent cloud of blue smoke, by means of a chaflng-dieh, around the 
focus of a iargo concave mirror. 

WAen is the 830. The image reflected by a concave 
imagf from a j^jj^ror jg larger than tbe object ■when the 
larger than the object is placed between the mirror and its 

V,hat is the *- S^l- This is owing to the convergent prop-' 
sign of Fig. erty of the concave mirror. If the object A 
B be placed between the concave mirror and ite 
fooQS /, the rays Pig.isg. 

A and B from its 
estremities will 
fall divergent on 




a that situation, namely, at C, the image 
magnified behind the mirror, at a b, since it is seen uni 
larger angle than the object. 

832. There are three oasea to be considered with regard b 



the 



1. When the object is placed between tbe mirror and the princi- 
pal focus, 

2. When it is situated between its centre of concavity and that 

3. When it ia more remote than the centre of concavity. 

ist. In the iirst case, the raya of light diverging after reflection 
but in a less degree than before sucli reflection took place, the im- 



The 
image in this case will be erect. 

2d. "When the object is hetweea the pi-inoipal focus and the cen- 
tre of the mirror, the apparent image will be in front of the muTor, 
and hejond the centre, appearing very distant when the object is 
at or just beyond thefocns, and advancing towards it as it recedes 
towards the centre of concavity, wliere, as will be stated, the im- 
age and the object will ooinoide. During the retreat of the object 
the image will still be inverted, because the rays belonging to each 
visible point will not intei-sect before thej reach the eye. But in 
this ease the image becomes leas and less distinct, at the same time 
that the visual angle is increasing; so tliat at the centre, or rather 
a little before, the imnge becomes confused and imperfect, because 
at thia point the object and the image coincide. 

8d. In. the cases just considered, the images will appear inverted ; 
and in the case where the object is further from the mirror than its 
centre of concavity, the image will be inverted. The more distant 
tho object is from the centre, the less will bo its imafe ■ but tlio 
image and object will coincide when the latt 1. 1 d aotly 

at the centre. 

833. The following laws flow from the fu dm t 11 w f Catop- 
trics, namely, that the angles of incide d fl t n are 
always equal. In estimating these angles t m t b llected 
that no line is perpendicular to a oonves o muro which 
will not, when sufficiently prolonged, pass th h th tr of the 
sphere of which the mirror ia a portion. Ih t th f tl se state- 
ments may be illustrated by simple drawings ; always recolleoting, 
in drawing the figures, to make the angles of inoidenoe and reflec- 
tion equal. The whole may also be shown by the simple experi- 
ment of placing the flame of e. candle in various positions before 
both convex and concave mirrors. [If is Tecommended that the learner 
be regviredto draio a figure to represent each of these iau>s.] 

834. Laws op Kbflection pbom Convex Mibbors. — (1.) Par- 
allel rajs reflected from a cohvbx surface are made to diverge. 

(2.) Diverging rays reflected from a oontek surfeoe are mado 
more diverging. 

(3.) When eonver^ng rays tend towards the focus of parallel 
rays, they will become parallel when reflected from a convex 
surface.* 

(4.) When converging rays tend. to a point nearer the surface 
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than the focus, they wil! converge less when reflected from a, 
CONVEX surface. 

(5.) If converging rays tend to a point between the foous and 
the centre, they will diverge as from a point on the other side 
of the centre, further &om it than fie point towards which ttey 
converged. 

(6.) If oonvei-ging rays tend to a point beyond the centre, 
they will diverge as from a point on the contrary side of the 
centre, nearer to it than the point towards which they con- 
verged. 

(7.} If converging rays tend to the centre, when reflected 
they will proceed in a direction as if from the centre. 

835, Laws op Reflection eeoii Cohcavb Mirrobs. — 
(1.) Parallel rays reflected from a concave surface are made 
converging, [See Note to No. 837.] 

(2.) Converging rays falling npon a cOnoave surlace are 
made to converge more. 

(3.) Diverging rays falling upon a concave surface, if they 
diverge from the focus of parallel rays, become parallel. 

(4.) If from a point nearer to the suriaoe than that focus, 
they diverge less than before refleotion. 

(5.) If from a point between that focus and the centre, they 
converge, after reflection, to some point on the contrary side of 
the centre, and further from the centre than the point from 
which they diverged. 

(6.) If from a point beyond the centre, the reflected rayo 
will converge to a point on the contrary side, but nearer to it 
than the point from which they diverged. 

(7.) If from the centre, they will bo reflected back to tht 
same point from which thej proceeded. 

How are objects ^36. As a necessary consequence of the laws 
seen from a con- which have now been recited, it may be stated, 
war mirror. pij-st, in regard to CONVEX MIRROSS, tiie im- 

ages of objects invariably appear beyond the mirror; in other 
words, they are virtual images. Secondly, they are seen in 
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their natural position, and, Thirdly, tliey are Bnialler than 
the objects themselves ; the further the object is from the mir- 
ror, aod the less the radius of the mirror, the smiiUer the image 
will he. If the object be very remote, its image will be in the 
virtual focus of the mirror. 

837. Secondly, in regard to concave mirrobs. 

(1.) The image of an object very remote from a concave mir- 
ror, as that of the Bun, will be in the focus of the mirror, and 
the image will be extremely small.* 

(2.) Every object which is at a distance from the mirror 
greater than its centre produces an image between this point 
and the focus smaller than the object itself, and in an inverted 
position. 

(3.) If the object be at a distance from the mirror equal to 
the length of its radius, lien the image will bo at an equal dis- 
tance from the mirror, and the dimensions of the image will be 
the same as those of the object, but its position will be inverted. 

(4.) If the object be between the focus and the centre of 
curvature, the image will be inverted, and its size will much 
eseoed that of the object. 

These four varieties of inverted images, produced by the 
reflection of the rays of light from concave mirrors, are some- 
times called "physical spectra." 

• This ia tho manner in which oonoave mirrora bocomo barning-glaseea 
TliB raja of the aun fall upon them parallel [»ee No. B35], and they are all 
tefleotBd into one point, called the fooua, whete the light and heat are as 
rouoh greater than the ordinary ligbt and heat of the sun aa tho area of the 

that he employed hnrning-mirrorB, two hundred joars before the Christian 
era. to destroy the bealeging naty of MarcoUas, the Roman consul. His 
rnirror ^vas, probably, oonatruoted from large numhera of hat pieces- M. 

aeventeen thousand timea greater than the area of tho fooua. The heat of tho 
euanasthue increased eeventeeu thousand times. M. Dufaymade a coucara 
mirror of plaster of Paris, gilt and burnished, twenty inches in diameter, 
with which he set Ore to tinder at the diatanoe of Bfty feet. But the most 
remarkable thing of the kind nn record ia the compound mirror aonetructed 
by fiuETun. Ha armngod one hundred and aixty-eight araall plane mirrora 
in such a manner as to reHeot radiant light and heat Co the Ba.me focua, like 
one large concave mirror. With this apparatus he waa able to aet wood od 
fire at the diatanoe of two hundred and nine feet, to melt lead »t a huit- 
died fest, and silver at lifly feet. 
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:e atiii position of these spectra, may easily be abown 
esperimcntullj thus ; 

Rcperiment. — Hold a candle opposite to a concave mirror, at the 
distances named in the last four jiaragrapha respectively. The 
specti'um can, in each case, be received on a white screen, which 
must be placed at the prescribed distance from the mirror. 

Different optical instrumenta, especially reflecting telescopes, 
esMbit the application of these spectra. 

(5.) If a luminoaa body, as, for instance, tie flame of an 
argand lamp, or a burning coal, be placed in the fooua of a con- 
cave mirror, no image will be produced, but the whole surface 
of the mirror will be illuminated, because it reflects in parallel 
lines all the rays of light that fall upon it. This may be made 
the subject of an experiment so simple as not to require further 
explanation. 

The reflectors of compound microscopes, magio lanterns and lights 
houses, by means of which the light given by the luminous body 
ia increased and transmitted in soma particular direction that may 
be desired, are illustrations of the practical application of this prin- 

(6.) Lastly, place tte object between the mirror and the 
f J th 'm f the object will appear bekind the mir- 

It w 11 t b -Id, but ita proportions will be enlarged 

a d t th p m ty of the object to the focus. It is 
iJi t th t g s to concave mirrors their magnifying 

pow d b by Uecting the sun's rays inte a focua 

th y p d t {, t t, tliey are called burning-mirrors, 

838. Media, oe Mediums, asd Bbfbac- 
Wkst is a Me- TioN. — A Medium,* ia Optics, is any sub- 
diwn ill. optics? stance, solid or fluid, through which light 

can pass. 
What ii refrac- 839. When light passes in an oblique 
'""^' direction from one medium into another, it 

is turned or bent from its course, and this is called refrac- 
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(ioji. The property which causes it is calleiJ refrangi- 
bility. 

840. Dioptrics. — That part of the sci- 
ence of Optics which treats ofre&acted light 
is called Dioptrics. 
What is meant ^^^' -^ racdiuHj, in Optics, is called dense or 
liT/ a denser and rare according to its refractive power, and not 
f""^ '"^ """ according to its specific gravity. Thus, alcohol, 
and many of the essential .oils, although of leaa 
speoifio gravity than water, have a greater refracting power, 
and are, therefore, called denser media than water. In the fol- 
lowing list, the various substances are enumerated in the order 
of their refractive power, or, in other words, in the order of 
their density as media, the last-mentioned being the densest, 
and the first the rarrat, namely : air, ether, ice, water, alcohol, 
alum, olive oO, oil of turpentine, amber, quartz, glass, melted 
sulphur, diamond, 

842. There are three fundamental laws of 
fundaiMntal Dioptrics, on which all its phenomena de- 
tows of Diop' pend, namely : 

(1.) When light pasaea li-om one medium 
to another in a direction perpendicular to the surface, it 
continues on in a straight line, without altering its course. 

(2.) When light passes in an oblique direction, from a 
rarer to a denser mecliura, it will be turned from its course, 
and proceed through the denser medium less obliquely, and 
in a line nearer to a perpendicular to its surface, 

(3.) When light passes from a denser to a rarer medium 
in an oblique direction, it passes through the rarer medium 
in a more oblique direction, and in a line further from a 
perpendicular to the surface of the denser medium. 

843. In Fig. 130, the line A B represents a 

QjJ * ■ ray of light passing from air into water, in a 

perpendicular direction. According to the first 
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law stated above it will coafinue on m the ^e i*" 

Batne line through the denser medium to E rxT"' — ' liX'" ^" ^ 
If the riv were to pass upward throuji the f f J 

denser medium tha watei in the same per ' I " | 

pendicular direction to the air by the "iame i 

law it would also continue on in the same ' 
Straight line to A " 

But, if the ray proceed Irom a rarer to a densu' medium in 
an oblique direction as from to B when it enters the denier 
medium it will not continue on in the same straight line to I> 
but, by the ?ooond law atated aboye it will be refiacted or bent 
out of its course and proceed in a less oblique direction tD F 
which is nearei the porpendioular A B L than D i^ 

Again, if the ray proceed fiom the den&er medium, the witer, 
to the rarer medium, the air, namely, from F to B, instead of 
pursuing its straight course to G-, it will be refracted aooordicg 
to the third law above stated, and proceed in a more oblique 
direction to C, which ia further from the perpendicular E B A 
than G- is. The refraction is more or less in all 
tton^t^refrac. *^^«« ^" proportion aa the rays fall more or less 
lion in all cases 7 obliquely on the refracting surface. 

844. From what has now been stated wifb 
When are we m j-gg^^d to refraction, it will be seen that many 
taking the depth interesting facte may be explained. Thus, an 
of water, and gar, or a stick, when partly immersed in water, 
"" ^' appears bent, because we see one part in one 

medium, and the other in another medium : the part which is in 
the water appears higher than it really is, on aeoount of the 
refraction of the denser medium. For the same reason, when 
we look oUiqiiely upon a body of water it appears more shallow 
than it really is. But,' when we look perpendicularly down- 
wards, we are liable to no such deception, beoaiae there wUl ba 
no refraction. 

845. Let a piece of money be put into a cup or a bowl, and the 
cup and the eye i>8 placed in each a position that tha side of the 
cup will juat hide the money from the sight; then, keeping the eye 
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with water, — tha 

,,„ , , 846. The refraction of light prerents our 

Why do we not ° ' 

seel/Kiu7i,moo7i seeing the heavenly bodies in then real situa- 
and3tar3,mt/ieir ^;£on, 

^ The light which they send to us is refracted 

in passing through the atmosphere, and we eee the sun, the 
stars, &c., in the direction of the refracted ray. In conse- 
quence of this atmospheric refraction, the sun &heds his light 
upon liS earlier in the morning, and later in the evening, than 
we should otherwise perceive it. And, when the sun is actually 
below the horizon, those rays which would otherwise he disai- 
pnted through space are refracted by the atmosphere towards 
the surface of the earth, causing twilight. The greater the 
density of the air, the hi^ t f t p w and, conse- 

quently, the longer the dar t f twil ght 

It U proper, however, her to m t h t th nother rea- 

son, why we do not see th h ly 1 d th true situ- 

ation. Light, though it mo th g t lot y about eight 

and a half minutes in its paa f m th t th rth, so that 

when the rays reach us the sun haa quitted the spot ho occupied 
on their departure ; yet we see him in the direction of those rays, 
and, consequently, in a sitaation which he abandoned eight minutes 
and a half before. The refraction of light does not afiect the appear- 
ance of the heavenly bodies when they are vertical, that is, directly 
over our heada, because the rays then pass vertically, a direction 
incompatible with refraction. 

847- When a ray of light passes from 
What effect is ,. , .x. ■ , I. u ^u ,- 

prurfittKrf when 0"e medium to another, and through that 
Ught suffers two into the first agaiu, if the two refractions be 
ft^.' equal, and in opposite directions, no sen- 

sible effect will h 



This esplains the reason why the refractive power of flat window- 
glass produces no effect on objects seen through it. The rays suffer 
two. refractions, which, being in contrary directions, prodace the 
same effect as if no refraction had taken place. 

848. Lenses. — A Lens is a glass, which, 
WhaCisaLmsr ■ ^ -^ ,. t A 

owing to its peculiar lorm, causes the rays 
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of liglit to converge to a focus, or disperses them, according 
to tlie laws of refraction. 

Explain iheilif- ^^^- '-f^^re are various kinds of lenses, 
fereiii kinds of named according to their focus ; but thej 
are all to be considered as portions of the 
internal or external sur&ce of a sphere. 

850. A single _ _^ '^ "i 
convex lena has 
one side flat and 
the other convex ; 
as A, in Fig. 181. 

851. A single 
concave lena is flat on one iide and concave on the other, as 
B in Fig. 131. 

852. A double convex lens is convex on both sides, as 
C, Fig. 131. 

A double concave lens is concave on both sides, as D, 
Fig. 181. 

A meniscus is convex on one side and concave on the 
other, as E, Fig. 131. 

What is the 853. Tbe word meniscus is derived from the 
nteeming of a Greet language, and means literally a Utile 
Meniscus? ^^^_ ^-j^,^ ^^^^ j^ ^ppU^^ ^^ ^ cancam-con^ex 

lens, from its similarity to a moon in its early appearance. To 
this kind of lens the term periscopic has recently been applied, 
from the Greek language, meaning literally viewing on all sides. 
"When the concave and convex sides of periscopio glasses are 
even, or parallel, they act as plane glasses; but when the sides 
arc unequal, or not parallel, they will act as concave or convex 
lenses, according as the concavity or the convexity is the greater. 
WhalistlKfixis 854. The a.xi8 of a lens is a line passing 
of a lens? through the centre : thus F G, Fig. 131, ia 

the axis of all the five lenses. 
'20* 
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85$. The peculiar form of the variocg 
lemes? kinds of lenses causes the light which passes 

through them to be refracted from its course 
swjcording to the lavfs of Dioptrics. 

It will be remembered that, according to these laws, light, in 
passing from a rarer to a denser medium, is refracted towards 
the perpendicular ; and, on tho contrary, that in passing from a 
denser to a rarer medium it is refracted further 
How must we ^ jj^ ^ j In d t estimate 

eslimale the ef- ' ' 

feet of a lens ' the effect of 1 we m t n le the situa- 
tion of fie J p ndi la w th. p t to the 
surface of the leas. Now, a p p ndi la t y onves or 
concave surface, must alway wh ( I d p ts through 
the centre of sphericity ; that a 1 n th nt e of the 

sphere of Which the lens is a p t By a att t e observa- 

tion, therefore, of the laws ab e tatcd and f th tuation of 
the perpendicular on each side of the lens, it will he found, in 
general, — 

(1.) That convex lemes cdlect the rays into 
Whateffcahaee ^ f ^nd magnify objects at a certain dis- 
convex and con- -' g j 3 j 

cave lenses re- tance. 

speclivelyf ^g ^ j,^^^ concave lenses disperse the rays, 

and diminish objects seen through, them. 

What is ilie fo- ^^^' '^^^ '""''''' distance of a lens is the 
cal distance of distance from the middle of the glass to the 
" """" focus. Tliis, in a single convex lens, is equal 

to tbe diameter of the sphere of which the lens is a portion, 
and in a double convex lens is eciual to the radius of a 
sphere of which the lens is a portion. 

857. When parallel rays * fall on a con- 
pass through a ^'^^ ^^^^) those only which fall in the direc- 
s withoju re- tion of the axis of the lens are perpendicular 
to its surface, and those only will continue 
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raye of tbe sun are eonaidered parnllel at the surihoe of tl 
not so in roality, but, OH account of the great distani: 
■, their dirergenoj ia so small that it is altogother iuRppre 
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on in a Btraight line through the lens. The other rays, 
falling obliquely, are refracted towards the axis, and will 
meet in a focus, 

858. It is this property of a convex lens 
d^k^t^l^ whicli giv^ it its power as a bnrning-glass, or 
glasses, or Bun-glass. All the parallel rays of the eun 

burning-glasses, which pass through the glass arc collected to- 
gether in the focus; and, consequently, the heat 
at the focus is to the common heat of the sun as the area of the 
glass is Co the area of the focus. Thus, if a lens, four inches in 
diameter, collect the sun's rays into a fooua at the distance of 
twelve inches, the image will not be more than one-tenth of an 
inch in diameter ; the surface of this little circle is 1600 times 
less tiian the surface of the lens, and consequently the heat 
will he 1600 times greater at the ibous than at the Ions. 

859. The following efleeta were produced by a large lena,or bum- 
ing-glasa, two foet in diameter, made at Leipsio in 1691. Pieces of 
lead and tin were inatantly melted ; a plate of iron was soon ren- 
dered red-hot, and aflerwarda fused, or melted ; and a burnt brick 
was converted into yellow glaas. A double convex lena, three feet 
in diaraater, and weighing two hundred and twelve pounds, made by 
Mr. Parker, in Bngfand, melted the most refractory Substances, 
Cornelian waa fused in aeventy-five seconds, a crystal pebble in six 
aeeonds, and a piece of white agate in thirty seconds. This lena 
was preaented by the King of England to the Emperor of China. 

860. If a ootivex lens bave its sides ground 
What IS a Muir j^oj^Q jgtQ several flat surfaces, it will present 
tiplpng-glass ? ' t' 

as many images of an object to the eye as it 
has flat surfaces. It is then called a Multiplying-glass. Thus, 
if one lighted candle be viewed through a lens having twelve 
flat surfaces, twelve candles will be seen through the lens. The 
principle of the multipljing-glass is the same with that of a 
convex or concave lens. 



861. The following e^ots result from the laws of refraction 
Fliers WFTH SEGAKD TO CoNVEE SuHFACES. — (1.) Parallel rays 
passing out of a riLrer into a denser medium, through a convex sur- 



. !, will become ei ^ 

(2.) Diverging rays will be made to diverge less, to become par- 
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allel, or to eonyerge, according to the degree of divergency bofuw 
refraction, or the convexity of the aurfaoe. 

(3.) Conveiging rays towards the centre of convexity will Buffei 
no refractioD. 

(4.) Rays converging to a point lieyond the centra of convexity 
will be loade more oonve^ing. 

(5.) CoQver^g rays towards a point nearer the surface than 
the centre of oonvexity will be made leas converging by rofraodon. 

[When the rays proceed out of a denser into a rarer medium, the 

852. Facts with hegabd to Concave SimFACES, — (1.) Parallel 
rays proceeding out of a rarer into a denser medium, through a 
CONCAVE surfaoB, are made to diverge. 

(2.) Diverging rays are made to diverge more, to euffir no 
tefraotion, or to diverge less, according as they proceed from a 
point beyond the centre, from the centre, or between the centre and 
the Burmce. 

(3.) Converging rays are made less converging, parallel o d erg 
ing, according to their degree of convergeney before refra t n 

863. The above eight printaples are all tlie necessary conaequen e 
of the operation of the three laws mentioned as the fundam nt 1 
laws of Dioptrics. The reason that ho many different prin pi s a a 
produced by the operation of thoae laws is, that the perp ni ulare 
to a convex or concave surface are constantly varying, so that no 
two ave parallel. But in flat surfacea the perpendiculars are paral- 
lel ; and one invariable reault ia produced by the rays when pass- 
ing from a rarer to a denser, or from a denser to a rarer mei£um, 
having a Qat surface. 

[Wnen the rays proceed out of a denser into a rarer medium, the 
reverse takes place io each case.] 

864. Double convex, and double concave 
Whai kinds of ■, ■, , . i i i 

glasses are used glasses, or leoses, are used m spectacles, to 
m jieclacles, remedy tbe defects of tbe eye : the former, 
piiToose? when by age it becomes too flat, or loses a 

What ki?ids of portion of its roundness ; the latter, when 
ei^ly^ wati,^y by any other cause it assumes too round a 
old persons? form, as in the case of short-sighted (or, as 
yoraio-?'" ^ *^^y ^'"^ sometimes called, near-sighted) 
persons. Convex glasses are used when the 
eye is too flal, and concave glasses when it is too round. 

These lenses or glasses are generally numbered, by optidans, 
according to tlieir degree oT convexity or concavity ; so that, by 
knowing the number that fits the eye, the purchaser can generally 
bo accommodated without the trouble of trying many glasses. 
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865. The Eye. — The eyes of all animals are constructed on tJie 
same principles, with such modifications aa are necessary to adiipt 
them to the habits of the animal. The ItnowleiJgs , therefore, of the 
construction of the eye of an animal will give an insight of the con- 
struction of the eyes of all. 

„, , . 866. The eye is composed of a number of 

Of "'A"' 's ■; .,.,., , . 

the eye com- coats, or covenngs, Within which are enclosed 
posed? j^ jgjjg^ ^qJ certain humors, in the shape and 

performing the office of convex lenses.*- 
Wh,>iar,ihe different 867. The different parts of the eye 
ports of the eye ? are : 



(1.) The Cornea. 
(2.) The Iris. 
(3,) The Pupil. 
(4.) The Aqueous Humor. 
(5.) The Crystalline Lens. 
Ikpl^n 868. Fig. 132 rep o eat. 

Fig-. 132. a front view of the eye n 
which a a represents the Cornea o aa 
it is eommoaly called, the white of the 
eye; e e is the Iris, haying a circular 
opening in the centre, called tho pupil, 
p, which contraote in a strong light, and 
expands in a faint light, and thus reg- 
ilates the quantity which is admitted 
jO the tender parts in the interior 
of the eye. 

F^lam S69. Eig. 133 rep- 

fVg-. 133. resents a side view of 
tie eye, laid open, in which b b 
represents the comea, e e the iris, 
d d the pupil, jfythe aqueous hu- 
mor, g g the crystalline lens, k h 



(6.) The Vitreous Humor. 
(T.) The Retina,. 
(8.) The Choroid. 
(9 ) Tho 'Sclerotica 
(lO)TleOit N rve 




Jtiptlon of tbe eye i 



loipallj from Paiton's 



imj, edited by Dr. Wioalow Len 
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the .vitreous humor, i i ii i the retina, c c the choroid, a a a 
a a the sclerotica, and n the optic nerve. 
Describe the ^''^- The Cornea foims the anterior portion 
Cornea. the eje. It ia set in the sclerotica in the same 

manner as the crystal of a watch ia set in the case. Its 
degree of convexity varies in different individuals, and in 
different periods of life. As it covers the pupil and the 
iris, it protects them from injury. Its principal of&ce is to 
cause the light which reaches the eye to converge to the 
axis. Part of the light, however, is reflected hy its finely- 
poliahed surface, and causes the brilliancy of the eye. 
Describe the ^"^1- ^ho Iris is SO named from its being 

J*^*- of different colors. It is a" kind of circular 

cnrtain, placed in the front of the eye, to regulate the quan- 
tity of light passing to the back part of the eye. It has a 
circular opening in the centre, which it involuntarily en- 
larges or diminishes. 

872. It is on the color of the iris that 
What causes a the color of the eye depends. Thus a person 
feii^t^o*" '* ^^^ ^'^ ^*™ black, blue, or haael eyes, 
gray,4-<:-' according as the iris reflects those colors 



What is the ^'^^- The Pupil ia merely the opening in the 
Pupil? iris, through which the light passes to the lens 

behind. It is always circular in the baroan eye, but 
in quadrupeds it is of different shape. Wnen the pupil is 
expanded to its utmost extent, it is capable of admitting ten 
times the quantity of light that it does when most con- 
tracted. 

874. In cats, and other animals which are said 
tome animals *" ^^^ ^^ ^^ dark, the power of dilatatioa and con- 
traction ia much greater ^it is computed fiat their 
pupils may receive one hundred times more light 



dark' 



at one time tlian at another. That light only which passes tho 
pupil can be of use io vision ; that which falls on the iris, being 
reflected, returns througb the cornea, and exhibits tlie color of 
the iris. 

When we come from a dark place into a strong light, onr eyoB 
Buffir pain, because the pupil, beine eipiLiided, admits alarger quan- 
tity of light to rush in, before it nas had time to contract. And, 
when we go from a strong light into a faint one, we at first imagine 
oursekes in darkness, because the pupil is then contracted, and does 
not iitstantly expand. 

T) 'b tl ^'^^' "'"^'^ Aqueous Humor is a fluid as clear 
Aqmous Hu' as the purest water. In shape it resembles a 
"""'■ meniscus, and, being situated between the cor- 

nea and the crystalline lens, it assists ia collecting and 
transmitting the rays of light from external objecta to that 
lens. 

• tkf ^'^^' '^^^^ Crystalline Lens is a transparent 
Crysiatline body, in the form of a double convex lens, 
^^'^ placed ,between the aqueous and the vitreous 

humors. Its office ia not only to collect the rays to a focus 
on the retina, but also to increaae the intensity of the light 
which is directed to the back part of the eye. 

,„, . , 877. The Vitreous Humor (so called from its 
What ts the , 1 ■, 1 ■ 

Vitreaus Sur resemblance to melted glass) is a perfectly 
"""■^ transparent mass, occupying the globe of the 

eye. Its shape is like a meniscus, the convexity of which 

greatly exceeds the concavity. 

878. In Fig. 134 the shape of tho ^^^- ^^^ 

aqueous and vitreous humors and the crys- 

taDiue lens is presented. A is the aqueous S 

humor, which is a meniscus, B the crystal- 

line lens, which is a double convex lens, 

and C bhe vitreous humor, which is also a 

meniscus, whose concavity lias a smaller radius tlian its c 

Tezity. 
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What is the ^'^^- "^^^ Retina is the seat of vision. The 
lietina J rays of light, being refracted in their passage by 

the other parts of the eye, are brought to a focus in tlie 
retina, where an iaverted image of the object is represented. 
Whai is the ^^^- ^^^ Choroid is the inner coat or cover- 
ChoToid? ing of the eye. Its outer and inner surface 
is covered with a substance called the pigmenC-um nigyvm 
(or black paint). Its office is, apparently, to absorb the 
rayE of light immediately after they have fallen on the retina. 
It is tbe opinion of some philosophers that it is the choroid, 
and not the retina, which conveys the sensation produced 
by rays of light to the brain. 

Bescrihe the ^^^- ^'^^ Sclerotica is the outer coat of the 
Sclerotica, eye. It derives its name from its hanlness. 
Its office is to preserve the globular figure of the eye, and 
defend its more delicate internal structure. To the sclero- 
tica are attached the muscles which move the eye. It re- 
ceive,? the cornea, which is inserted in it somewhat like a 
watch-glass in its case. It is pierced by the optic nerve, 
which, passing through it, expands over the inner Burfa«e 
of the choroid, and thus forms the retina, 

882. The Optic Nerve is the organ which 
What is the ^ gtuTJeg the impressions made by the rays of 
light (whether by the medium of the retina, or 
the choroid) to the brain, and thus produces the sensation 
of sight. 
What optical 883. The eye is a natural cam-era obscura 

resemble? seen by the eye are represented on the retina 
in the same manner aa the forms of external objects are 
delineated in tbat instrument. 

Explain 884. Fig. 135 represents only those parts of the eye 
eig. Lio, -^^,[J[^,], g^,.^ most essentia! for the explanation of the 




phenomenon of vision. Tke image is formed tbus : The raja 
from the object c d, diverging towards the eye, enter the cornea 
c, and cross one another in their passage through the crystalline 
lens d, by which they are made to converge on the retina, where 
they form the inverted image /"e. 

Hate is the ^^^' ■^''^ convexity of the crystalline humor is 
conoexUy 0/ increased or diminished by meajis of two muscles, 
th^ crystalline ^^^^^^^ it is attached, By this means, the focus 
lens allered, . •' 

and for v>hat "f tbe rays which pass through it constantly Ifllls 
purpose' on the retina; and an equally distinct image is 
formed, both of distant objects and those which are near. 
jHiiiu eon you 886, Although the image is inverted on the re- 
ihTappIZit ''■'^' ■^^ ^^ objects erect, because all the images 
position of formed on the retina have the same relative post- 
objects ? jjoQ which the objects themselves have ; and, as the 

rays all cross each other, the eyo is directed upwards to receive 
the rays which proceed from the upper part of an object, and 
downwards to receive those which proceed from the lower part, 
j^ , 887. A distinct image k also formed on the re- 

not see double tina of each eye ; but, as the optic nerves of tho 
«)i(A iu«) et/es ? two eyes unite, or cross each other, before they 
reach the brain, the impressions received by the two nerves are 
united, so that only one idea is excited, and objects are seen 
Mugle. Although an object may be distinctly seen with only 
one eye, it has been calculated that the use of both eyes makes 
u diCerenoa of about one-twelfth. From tlie description now 
21 
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^ven of the eje, it may be seen wliat are the defects wnioh ars 
remedied by the use of concave and convex lenses, and how the 
use of these lenses remedies them. 

What defects 888 When the crjstallitie humor of the eye is 
of the eye a>e ^^ round, the rays of li^ht which enter the eye 
spedac! i de ,•,,■• , . ■ 

sio-ned lo conTerga to a iocua before they reach the retina, 
remedy ' and, therefore, the image will not be distinct ; and 

when the crystalline humor is too fiat [as is often the case with 
old persons), the rays will not convei^ on the retina, but tend 
to a point beyond it A convex glass, by assisting the converg- 
ency of the crystalline lens, brings the rays to a focus on tiio 
retina, and produces distinct vision. 

feS'^ The eye is also subject to imperfection by 
^Tofthc I'^^on of the humors losing their transparency, 
eye ts there eithei bj ige or disease. For these imperfeotions 
no remedi) j^^ ghsses ofier a remedy, without the aid of surgi- 
cal skill The operation of couching and removing cataracts 
from the eye consists in making a puncture or incision through 
which the diseased pirt may escape. Its office is then supplied 
by a lens If, howevei, the operater, by accident or want of 
efcill, permit the vitreous humor to escape, the globe of the eye 
immediately diminishes in siae, and total blindness is the inevi- 
table result. 

^^ . 890, A single microscope consists simply of 

tinglemicro' a convex Icns, commonly called a magnifying- 
scope ? g]g^gg . jj^ ^^g focus of which the object is placed, 

and through which it is vieived. 

891. By means of a microscope the rays of light from an 
object are caused to diverge less; so that when they enter the 
pupil of the eye they fall parallel on the crystalline lens, by 
which they are refracted to a focus on the retina. 
Eivplain 892. Pig. 136 represents a convex lens, or single 
°' ' microscope, C P. The diverging iays from the object 
A B arc refracted in their passage through the lens C P, and 
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made to fall parallel on ^e- IM- 

the crystalline lens, by 

whlcli tKej are refracted 

to a focua on the retina 

It R ; and the image is i 

thus magnii 

tiie divergent rays are i 

oolleoted by the lens and 

carried to the retina. 

Whal glasses 893. Those lenses or microscopes which have the 

nave ine shortest focus have the greatest magnifying power ; 

nifyi-ng i^^d those which are the most bulging or convex 

flowers? have the shortest focua. Lenses are made small 

because a reduction in size is necessary to an increase of ourva- 

j^, . 894. A double microscope consiais of two 

dovb/e micro- convex iensea, by one of wbich a magnified 
scope? image is formed, and by tbe other this image 

is carried to the retina of the eye, 

Ewphdn 895. Fig. 137 represents the effect produced by the 
ttg. I6i. lenses of a double microscope. The rays which diverge 
from the object A B are collected by the lens L M (called the 
object-glass, because it is nearest to the object), and form an 

PlK- 137. 




inverted magnified image at D. The rays which diverge from 
this image are collected by the lens N (called the eye-glass, 
because it is nearest to the eye), which acts on the principle of 
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tl 1 p dfm tllmm fil mage on 

th t 1 V 

W/w h ^'"' "^^ ' I eroseope 

1 o- th tt 1 1 t t i movable 

P^ J t h h b dj ted t receive 

th sun J d fl t th n vip n tl hj t It con- 

tfth n Iknl nit convex 

1 -PI y fl t llytl through 

th t b up n th hj t th m f wh 1 th wn upon 
alt n pi 1 t d t to t 

897 Th m p h d bed is d f r viewing 

t nsp t bj 1 ly Wh PI Ij t t be viewed, 

m d t ft t tb 1 ht li 1 i he object ; 

tl m g tl f d by 1 ht fl If the object, 

tdfb gtuimtltb ht 

89S Tl g fy p w f ingle mi- 

^n '^T'er P t d by d d the least 

/ / i?dt twbh bit b distinctly 

^ *' ee bj th k d J by 1 f 1 d stance of 

rf th 1 Th mm y bout seven 

h Thus f th f I I t of a lens 

b ly i f h th th (£«j f bj t will be 

m fid28tm(b Tdddly^ th meas7 

m 1 J 1 d by 4) 1 th su fac w II b m gnifi d 784 timea. 

The magnifymg power of the compound microscope is found 
in a similar manner, by asoertaining the magnifying power, first 
of one lena, and then of the other. 

The magnifying power of the solar microscope is in propor- 
tion aa the diatanoe of the image from the object-glass is 
greater tban that of the object itself from it. Thus, if (he dis- 
tance of the object from the object-glass be ^ of an inch, and 
the distance of the image, or picture, on the screen, be ten feet, 
or 120 inches, the object will be magnified in length 480 times, 
or ill snrfeos 230,000 times. 
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A lena may be caused to macnify or to dimioish an object. If tha 
object be placed at a distanoe from the foocia of a lens, and the im- 
age be formed in or near the focus, the iinaee will be diminished ; 
but, if the object be placed near tbe focus, the imago will bo mag- 

WAatistheMag- The Magic Lantern ia an instrument con- 
ic Lantern? struGted on the principle of the solar micro- 
scope, but the hght ia supplied by a lamp instead of the 



899. The objects to be viewed by the magie lantern are gener- 
ally painted with transparent colors, on glass slides, which are 




reee ved nto an ope n^ n the iront of the lantern. The light 
from tbe Ian p n tl e lante n ] a%e3 through them, and carries 
the p ot es pa ntei on the Ida thro gh the lenses, by means 
of wb oh a majjO Sel n age s th own upon the wall, on a white 



ton 



eit 



Tig 138 represents the magic Jantem The 
B^scribe Fig ^^^^ ^^ j^^j^^ ^^^^ ^^^ ^^^^ ^^^ leceived upon 
thp (,onQa\e mirror e and leflected to the con- 
vex lens c, which is called the condensing lens bei.aus9 it con- 
centrates a large quantity of light upon the ob|ect painted on 
the slide, inserted *it h The rajs from the illuminated object 
at b are carried divergent through the lens a fuinii ^ an image 
on the soreeii at/ The iraige w II inciease oi dimini'^h in size, 
in proportion to the distance of the aoreen from the lens a. 
21* 
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900 Di.-x)L¥iNa ■\ IEW1 — The exhibition 
fioio are 'Dts^ called ' Dt'^solotng liews is made by means 
represented ' "^ ^'^° magic lanterns of equal power, =o as to 

throw pictures of the same magnitude in ths 
EiUne position on the sorem By tho propei adjustment of 
eliding tubi,s and shutteia one p otuie on the screen, is mide 
bnghter while the othei tiecomeo fainter so that the one fLLms 
to diSBohe into tho other Iq the hands of i skilful aiti&f* 
thiB IS an exhibition of the most pleasing kmd 

901 Tele^lopes — A Telescope is au 
esape"" '' mstiunient foi '(itwing distant objeuts, and 

ciubing them to appear nearei to the eje 
How are UU- ^^^ Tele'^copes are construoted hy placing 
scofei construct- lenses of different kinds within tubes that slide 
^■' within each other, thus affording opportunity 

of adjusting the distances between the lensea wittin. 

903, They are also constructed with mirrors, in addition to 
the lenses, so that, instead of looking directly at an object, the 
eye ia directed to a magnified image of the object, reflected 

from a concave mirror. This has given rise to 
:t/ kinds j^g i^Q distinctions in the kinds of telescopes 

in common use, called respectively the llefract- 

ing and the Reflecting Telescope. 
How is the Re- 904. The Eefracting Telescope J3 con- 
Ico^'"ionsIi^- structed with lenses alone, and tho eye ia 
ed? directed toward the object itself. 

905. The Reflecting Telescope is con- 
Hov) docs a Re- , . i ■ . i ■ ■ i i - 

fieciin'T Tele- structed With ono or more mirrors, in addi- 

• Mr. John A. Whipplo, of ttis city, taa giyon aavoral eiliibitions of 
this kind, wit-h grent Buucess. A summer aoone seeraod to dissolio into the 
Bams soeno in mid-winter ; a daylight view was gradually made to faint 
gneCBBsively into twilight and niouuefjine; and many changns of a most in- 
tereEting nature shoirod how pleasing an eiliibitlon might be made by a 
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scope differ from jjon to the leases; and the image of the 
■' °' object, reflected from a concave mirror, ia 
seen, instead of the object itself. 

906. Each of tiftso kinds of telescope has its reBpeotive advan- 
tagea, but refracting telesoopea haye oeen so much improved that 
they have in some degree auperaeded the reflecting telescopes. 
What is an ^'^'^- -A-mong the improvementa wliioh have 

AcJiromaiic Teie- been made in the telescope, may be mentioned, 
^'^^- as the most important, that peculiar coDstruc- 

Hon of the lenses by which they are made to give a pencil of 
white light, entirely eolorloss. Lenses are generally faulty in 
causing the object to be partly tinged with some color, which is 
imperfectly refracted. The fault has been corrected by employ- 
ing a double object-glass, composed of two lenses of different 
refracting power, which will naturally correct each other. The 
telescopes in which these are used are called Achromatic. Com- 
mon telescopes have a defect arising from the convexity of the 
objeot-glass, which, as it is increased, has a tendency to tijige 
the edges of the images. To remedy this defect, achromatic 
lenses were formed by the union of a convex lens of crown 
glass with a concave lens of flint glass. Owing to the difference 
of the refracting power of these two kinds of glass, the images 
became _^ee/roHj color and more distinct; and hence the glasses 
whioh produce them were called Achromatic, that is, free from 
color. 

Lenses are also subject to another impei-feotion, called spheri- 
cal aberration, arising from the different degrees of thickness 
in the centre and edges, which causes the rays that are refracted 
thTOugh them respectively, to come to different focuses, on ac- 
count of the greater or less refl'acting power of these paife, con- 
sequent on tbeir difference in thiciness. To correct this defect, 
lenses have been constnicted of gems and crystals, &c., which 
have a higher refractive power than glass, and require less 
sphericity to produce equal effects. 

What is the sim- ^^^- "^^^ simplest form of the telescope con- 
pkst form i>/ i]te sists of two convex lenses, so combined asto 
If.tetcove? increase the angle of vision under ivhicli the 
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object is seen. The lenses are so placed that the distance 
between them may be equal to the sum of their focal distances. 

Object- o-lass, and ^^^- ^^^ '^"^^ nearest to the eye is called 
vthkh the Eys- the Eve-dasa, and that at the other extrem- 
slais of a lek 
scope'? ^^y ^s callecl the Object-glass. 

910. Objects seen through telesoopes of this 
Bov! are "y^^ construction (namely, with two glasses only) 
escapes of the are always inverted, and for this reason this 
simplest con- kind of instrument is principally used for as- 
tronomical purposes, in which the inversion of 
the object is immaterial. Hence, this is also called the Night- 
glass. 

What is the dif- 911. The common day telescope, or spy- 
ference between glass, is an. instrument of the same sort, with 
"■ ^M /"'' 7 '^^^ addition of two, or even three or four 
glasses, for the purpose of presenting the object 
nprigbt, increasing the field of visioii, and diminishing the aber- 
ration caused by the dissipation oi' the rays. 

912, Fig. 139 represents a night-glass, or 

E^hdn Fig. astronomical telescope. It consists of a tube 

A B C D, containing two glasses, or lenses. 

The lens A B, having a longer foous, forms the objeot-glaas ; 

the other lens D C is the eye-glass. The rays from a very 




distant body, as a star, and which may be considered parallel to 
each other, are refracted by the object-glass A B to a focus at 
K. The image is then seen through the eye-glass D C, magni- 
fied as many times as the focal length of the eye-glass is con- 
tained in the focal length of the object-glass. Thus, if the focal 
length of the eye-glasa D G be contained 100 times in that of 
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the object-glass A B, the star wii! be seer 
It will be seeD, by tlie figure, that the 
the ray M A, after refraction, will be seei 
and the ray K B in the direction D P. 



magnified 100 times, 
mage is inverted ; for 
in the direction 0, 

ter- 



repreaents a day-gl 

>nly called a spy-glasa. 
of a tube A B H G, 



913. Fig. 140 
g.ten Fig. ^g^|.^j^j telescope, 

This, likewise, consists 
containing four lenses, or glaasea, namely, A B, C D, E F, and 
G H. The lens A B is the object-glasa, and G H tiie eye-glass. 
The two additional eye-gla^s, E F and C D, are of the same 
size and shape, and placed at equal distances from each othoi- 




in sueh a man 
next lens. The, 
for the purposi 
verted image M 
E F ; and the ii 
under the angle 



united in such 
moved togethei 
persons. 

Of what does the 
Ejecting Tel- 
escope consist? 



ner that the focus of tire one meets tbat of the 
se two eye-glasses E F and C D are introduced 
i of collecting the rays proceeding from the in- 
N, into a new upright image, between G H and 
nage is then seen through the last eye-giass G H, 
of vision P Q. 

Opera Glasses are constructed on the prin- 
ciple of the refracting telescope. They are, in 
fact, nothing more than two small telescopes, 
a manner that the eye-glasses of each may be 
', so as to be adjusted to the eyes of different 

914. The BBrLECiiNO Tblescoph. — The Re- 
flecting Telescope, in its simplest form, con- 
sisted of a concave mirror and a convex 
I mirror throws an imago of the object, and the 
tliat image under a larger angle of vision. 
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Ih s in-itrument waa •sulaequentlj improved bj Newton, and 
8 nee him by Oassegrain Giegory, Hadlcj, Short, and the 
Herschels, 

tl5 Fig 141 represents the Gregorian 
^ Tele_i,o[>e. It consists of a large tube, con- 
taining two eoncaye metallie mirrors, and two 
plano-convex eye-glasses. The rays from a distant object are 
received through the open end of the tube, and proceed from r r 

Kg. 141. 




to r r, at the large mirror A B, which reflecfs them to a focua 
at g, whence they diverge to the small mirror C, which re- 
flects them parallel to the eye-glass F, through a circular aper- 
ture in the middle of the mirror A B. The eye-glaaa P col- 
lects those reflected rays into a new image at I, and this image 
is Been magnified through the second eye-glass G. 

It thu that th m a bring the object near to the 

ey and th y j, ass n fy t. Reflecting telescopes are 
att n 1 d w th th d a t e tl at t oy have greater magnifying 
p w nd 1 n t a lily I compose the light. It has 

al dj b n t 1 th t th mj ovements in refractors have 
gi en th n the gr at ad ant g 
Hoto does the 916 Th g inian telescope differs from 

^Tfl^ that wl h h b n described, in having the 
ion telescope ° 

differfrom small m n ex. This construction is at- 

the Gregorian r tend d th tw al aatages; first, it is superior 

of ta im e and second, it dispenses with the 

lon^ t I 



ia distinotne 
necessity of 
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„„_ 917 Th t lesco) f H rs b I J I: L d 

What pecu- _ , 

liarilitsare Kosse dp th th m II m Th 

there in the done by a 1 ht It f t! 1 g m rr o 

telescopes of . ., ,, 11.,. I 

the Earl of by tte eye glass. The observer sits with his back 
Easse? towards the object to be viewed, Hoi-schel's gigan- 

tic telescope was ereoted at Slorigt, near Windsor, m 1789. The 
diameter of the speculum oi- mirror was four feet, and the mir- 
ror weighed 2118 pounds; its focal distance was forty feet. 

91S. The telescope of Lord Rosse is the largest that has ever been 
cotiBtructefl. The aiameter of the speoulam is sis feet, and its focal 
diataace Eftj-sis feel. The diameter of the tube is seven feet, and 
the tube and speculum weigh more than fourteen tons. The cost 
of the inBtxument was about sixty thousand dollars. 

Tho telescope lately imported for Harvard University is a refract- 
^' "" 'J- -J -"le of the best instruments ever constructed. 



T^jiaiis 919- Chkomatics.' — Thatpart of the science 

Chromatics? of Optics -whicli relates to colors is called Chro- 
matics. 
0/ jo/i/it is 920, Light is not a simple thing in its 

Hght ci'my Died .' nature, but ia composed of raja of different 
colors, each of which has different degrees of rofrangibility, 
and iisA also certain peculiarities with regard to reflection. 

„- , , , 921. Some substances reflect some of the 
Of what color , . ,, , , ■ , , , 

ere bodies rays that fall upon them and absorb the others, 
composed? g^^^g appear to re^t all of them and absorb 
none, while others again absorb all and reflect none. Hence, 
bodies in general have no cojor of themselves, independent 
of light, but every substance appears of that color wliich it 
reflects. 

922. White is a due mixture of all colors in 
Wkat are . 

white and nice and exact proportion. When a body re- 
black? gggjg aji tjio rays that fall upon it, it will ap- 

pear white, and the purity of the whiteness depends on the 
perfectuess of the reflection. 
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923. Black is the deprivation of all color, and, when a 
body reflects none of the rays that fall upon it, it will 
appear bla«k. 

924. Some bodies reflect two or more colors either partially 
or perfectly, and they therefore present the varied hues whiuh 
we perceive, formed from the mixture of rays of diflerent 

Whatarethe 925. The colors which enter into the composi- 
'u'ht3 "'^ ''^'^'^ **^ '"Sliti ^'^'^ which possess different degrees 
of refrangibility, are seven in number, namely, 
red, orange, yellow, green, blue, indigo, and violet. 
Whai is a ^^^- -^ Prism is a solid, triangular piece of 
Prism? highly-polished glass. 

927. A prisDi wliioh will answer the same purpose as a solid one 
may be made of three pieces of plate glass, about six or eight inches 
long and two or three broad, joined together at their edges, and 
ttaae water-tight by putty. The ends may be fitted to a triangular 
piece of wood, in one of which an aperture is made by which to £11 
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it with water, and thus to give it the appearance and the refractive 
power of a sohd pi'tsm. 

928. When light is niaJe to pass throngh a 
prism, the different-colored raja are refracted 
or separated, and form an image on a screen or 
wallj in which the colors will be imnged in 
the order just mentioned 
Explain 929, Fig. 142 repre^ieiits j-its of light passm^trom 
^' ' the aperture, in a window shuitei A h through the 
prism P, Instead of continuing m a striighi cour e to E and 
there forming an image, they will he refiacted in th&ir passage 
through the prism, and form an image on the screen C D But, 

Vis 142 A 



mat efftct 
has a prism 
on the light 
that passes 
Ihrough ii ' 




as the different-colored raja have different degrees of refrangi- 
bility, those which are refraeted the least will fall upon the 
lowest part of the screen, and those which are refracted the most 
ffill fall upon the highest part. The red rajs, therefore, suffer- 
ng the smallest degree of refraction, fall on the lowest part of 
he screen, and the remaining colors are arranged in the order 
(f their refraction, 

930. It ia supposed that the red rajs are refracted the least, oa 
cooant of their greater momentnm ; and that the blue, indigo and 
violet, are refraoted the most, because they have the least momentum. 
The same reason, it is supposed, will account for the red appear- 
ance of the sun through a fog, or at rising and setting. The in- 
creased quantity of the atmosphere which the oblique rays must 
traverse, and its being loaded with mists and vapors, which are 
usually formed at those times, prevents the other rays from reach- 
ing us. 

A similar n 
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Aa tlipae raya have less momentum, they cannnt traverse tlie atmos- 
phero so readily as the other rays, and they are, therefore, reQected 
Wk to our eyes hy the atmosphere. If the atmoaphoro did not 
reflect uny raya, the skiea would appear perfectly hlaok. 

931. If the colored raya which have been sepa- 
How canlhe , ^ , - ,. i, ^ .l 

rays refract- ■'ated bj a pnsm tall npon a oonyex lena, they 
ed by a prism will converge to a foous, and appear white. Hence 
be reunited? j^ appears that white is not a simple color, but if 
produced by the union of several colors. 

932. The spectram formed by a glass prism being divided 
into 360 parts, it is found that the red occupies 45 of those parts, 
the orange 27, the yellow 48, the green 60, the blue 60, the 
indigo 40, and the violet 80. By mixing the seven primitive 
colors in these proportions, a white is obtained ; but, on accounl 
of the impurity of all colors, it will be of a dingy hue. If the 
colors were more clearly and aoourately deftned, the white tbuE 
obtained would appear more pure also. An experiment to prove 
what has just been said may be thus performed : Take a circular 
piece of board, or card, and divide it into parts by lines drawn 
from the centre to the circumference. Then, having painted the 
seven colors in the proportions above named, cause the board to 
revolve rapidly around a pin or wire at the centre. The board 
will (hen appear of a white color. From this it is inferred 
that the whiteness of the sun's light arises from a due mixture 
of all the primary colors. 

933. The colors of all bodies are either the simple colors, as 
refracted by tie prism, or such compound colors as arise from a 
mixture of two or more of them. 

934. From the esperiment of Dr. Wollastou, 
Whai are the , , , '^ , „ , . . . 

three simple i* appears that the seven colors iormed by the prism 
evlors! niay be reduced to four, namely, red, green, blue, 

and violet; and that the other colors are produced by combina- 
tions of these, but violet is merely a mixture of blue and red, 
and green is a mixture of blue and yellow. A better division 
of the simple ooloi-a is blue, yellow, and red. 

935. Liglit is found to pnaaeas bijth heat aiid chemical action. 
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The prismatic speotnim presents some remarkable phenomeDii irith 
regard to theso qunlities : frir, while the red rays appear to be tlis 
aeiit of the maxiiaum of heiit, the violet, on the coDtrary, aire the 
appnrent seat of the maiimum of ohemieal action. 

936. Light, from whateref source it proceeds, is of tho same 
nature, composed of the various-colored ra;s ; and although some 
sabataueea appear diOereiitl; by candle-light from what they appear 
by day, this result m^ be supposed to arise from the weajmess or 
want of purity in arljflcial light. 

937. There can be no lighl aiihoat colon, and there can he no colors 
wilAotii light. 

938. That the above remarks in relation to the colors of bodies 
are irue, may be proved by tho following simple experiment, Plafle 
a colored body in a dark room, in a ray of light that has beea re- 
fracted by a prism. ; the body, of whatever color it naturally is, will 
appear of the color "of the ray in which it is placed ; for, since it 
receives no other colored rays, it can reflect no others. 

939. Although bodies, from the airungemeiit of their pnrticies, 
have a tendency to absorb some rays and reflect others, they are 
sot so untforni m their arrangement as to reflect only pure rays of 
one color, and perfectly absorb all others ; it is found, on the con- 
trary, that a body refleota in great abundance the pays which deter- 
mine ita color, and the others in a greater or leas degree in propor- 
tion as they are nearer or further from its color, in the order of 
refrangibility. Thus, the ^reen leaves of a rose will reflect a few of 
the red rays, which will eive them a brown tinge. Deepness of 
color proceeds frou a deficiency rather than an abundance uf reflect- 
ed rays. Thus, if a body reflect only a few of the green rays,, it 
will appear of a dark green. The brightness and intensity of a 
color shows that » great quantity of rajs are reflected. That bodies 
sometimes change their color, is, owing to some ehemioal change 
which takes place in the internal arrangement of their parts, 
whereby they looe their tendency to reflect certain colors, and 
acquire the power of reflecting others . 

Soil) is a rain- ^^O. The rainbow is produced hj the re- 
bow prodiiced? fraction of the sun'a rajs in their passage 
through a. shower of rain ; each drop of which acta as a 
prism in separating the colored rays as they pass through it. 
941. This is proved by the following considerations: First, 
n rainbow is never seen except when rain is falling and the sun 
shining at the same time ; and that the sun and the bow are 
always in opposite parts of the heavens ; and, secondly, that the 
same appearance may be produced artificially, by means of water 
thrown ir.to the air, wlien the spectator is placed in a proper 
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position, with his back to the sun; and, thirdly, tliat a similar 
bom is gunerally produced by the spray which arises from large 
oataraota or waterfalls. The Falls of Niagara afford a beautiful 
eiemplifioation of the truth of this observation. A bow is 
always seen there when the sun is dear and the spectator's back 
is towards the sun. 

942. Aa the rainbow ia produced by the rafraction of the sun's 
raya, and every ohiinge of position is attended by a corresponding 
ohanga in the lave that reach the eye, it follows that no two persons 
can see exactly the same rainbow, or, rather, the aame appearance 
from the same bow. 

fl43. Polarization' of Licht. — The Polarization of Light ia a 
ohanga produced on light hy the action of certain media, by whiuh it 
exhibits the appearanee of having polunty, or piles posseaaingd lifer- 
ent properties. This property of light was firat discovered by Hnjgeoa 
in hia investigations of the cause of double refaction, as seen in 
the Iceland crystal. The attention of the scientific world wiis more 
particuUrly directed to it by thediscoveries of Malua, in 1810, The 
knowledge of this singular property of light hasaJordod an explan- 
ation of several very intricate phenomena in Optics, and has afforded 
corroborating evidence in favor of the undulatory theory ; but the lim- 
its of this vMume will not allow an extended notieo of this wngnlax 
property. 

944. Of the Thekmal, Ohekical, and other Non-optical Effsctb 
OF Light. — The science of Optica treats particularly of light as the 
medium of vision. But there are other e^ots of this agent, which, 
although more immediately connected with the science of chemistry, 
deserve to be noticed in this connexion. 

^45. The thermal eifects of light, that is, its agency in the excita- 
tion of heat when it proceeds directly from the sun, are well known. 
But it ia not f^nerally known that these eflects are extremely un- 
equal in the diflerently colored rays, as they are refracted by the 
prism. It has already been stated that the red rays appear to 
possess the thecual pi'oporties in the greatest degree, and thut in the 
other rays in the spectrum there is a decrease of thermal power 
towards the violet, where it ceases altogether. But,onthecontrary, 
that the chemical agency is the most powerful in the violet, from 
vrhiofa it constantly decreasoa towards the red, where it ceases alto- 
gether. Whether those thermal and chemical powers exist in all 
D^bt, from whatever source it is derived, remains yet to be ascei^ 
tamed. The cbroniatic intensity of the colored spectrum is greatest 
in the yellow, from whence it decreases both ways, toruiimiting 
almost abruptly in the red, and decreasing by almost imperceptible 
shades towards the violet, where it becomes faint, and then wholly 
indistinct. Thus it appears that the greatest heating power resides 
wlieru the chemical power is feeblest, and the greatest chemical 
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power where the heating power is feeblest, nnd that the optical 
power is the strongest between tlie other two. 

9iii. The obemical properties of light are shown in this, that the 
light of the sun, and in an inferior degree that of day when the sun 
is hidden from view, is a means of accelerating chemical combina- 
tions and decompositions. The following esporimont exhibits the 
ciiemical effects of light : 

Place a mixture of equal parts (by measurej of chlorine and hy- 
drogen gaa in a glass vessel, and no change will happen so long aa 
the vessel be kept in the dark and at an ordinary temperature ; but, 
on esposing it to the daylight, the olemente will slowly combine 
and form hydrochloric acid ; if the glass be set in the sun's rays, 
the union will be accompanied with an instantaneous detonation. 
The report may also be produced by transmitting ordinary daylight 
(iirough violet or blue glass to the mixture, but by interposing a red 
giass between the vessel and the light all oorahination of the elements 
la prevented. 

. 947. The chemical effects of light have recently 

meant buplu)-^^'^'^ employed to rendor permajient tho imagea ob- 
tograpUy, or tained by means of convex lenses. The art of tiiua 
Heliography? ^^^^ them la termed Photography, or Heliograph/. 
Thesewordsaro Greek derivatives; the former meaning "writing 
or drawing hy means of light," the latter, " writing or draw- 
ing by the aid of the sun." 

Who is the ^^' ^''^ feo^s i" 'whioh the process is performed 

mith IT nf Phn '^ essentially aa follows ; The picture, formed by a 
io^rah t camera obsoura, is received on a plate, the surface of 
6' P 3 ■ which has been previously prepared so as to make it 
as susceptible as possible of the chemical influence of light. After 
the lapse of a longer or shorter time, the light will have so acted on 
the plate that the various objects the images of which were pro- 
jected upon it will appear, with all their gradations of light and 
shade, most eaactly depicted in black and white, no color being 

B-esent, This is the process oummonlj known by the name of 
iiguerreotype, from M. Daguerre, the author of the discovery. 
Since his original diseovfry, he lias ascertained that by isolating and 
electrifying the plate it acquires such a sensibility to the chemical 
inQuence of light that one-tenth of a second is a sofBcient tiuie to 
obtain the requisite luminous impression for the formation uf the 
picture. 

949. The chemical efects of light are seen in the varied colors of 
the v^tahle world. Vegetables which grow in dark places are either 
ihite or of a palish-yellow. The sunny side of fruits is uf a richer 
tinge than that wbiuh grows in the shade. Persons whose daily 
employment keeps them much within doors are pale, and mora 6s 
less sicklyi in consequence uf such confiaeiuent. 
22* 
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From what liaa now teen detailed with regai'd to the nature, the 
efleeta, and the importance of light, we may see with what reaaon 
the eroat epio poet of our language has apostropliiied it in the 



inl being: first ai 



Soul of Burrounding worlds, in wbom best seen 
Shines out thj Maker ! may I aing of tbao I " 

950. EiBCTKiciTr. — Electricity is the 
tricUv?" ^'^ name given to an imponderable agent which 

pervades the material world, and which la 
visible only in its eifeets. 

951. It is exceedingly clastic, susceptible of 
What are tls j^- i ^ggfggg ^f intensity, with a, tendency to 
simplest effects ? & & ■" J 

equilionmn unlike that of any other known 
agent. Its simplest exhibition is seen in the form of attraction 
and repulsion. 

952. If a piece of amber, sealing-wns, or smooth glass, perfectly 
clean and dry, be briskly rubbed with a dry woollen olotli, and im- 
mediately afterwards held over amall and light bodies, such as 

iiieeea. of paper, thread, cork, straw, feathers, or fragmentB of gold- 
saf, strewed upon a table, theae bodies will be attracted, and fly 
towards the surface that baa been rubbed, and adhere to it for a 

953. The surfaces that have acquired this power of attraction 
are aaid to be erdted; and tlia substances thus auEeeptible of being 
escited are called electrics, while those which cannot \m excited in a' 
aimilar manner are called non-electrio. 



What . 



954. The science of Electricity, therefore, 
electrical dims- divides all Substances into two kinds, namely, 
ions of aU sab- Electrics, or those substance which can be 
excit«d, and Non-electrics, or those sub- 
stances which cannot be ezcited. 
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955. The word Electricity ia derived from a Gresk word, whtcli 
EigntHes amber, because this eubatanca was supposed to posseae, in 
a renmrkable degree, the property of producing the ftuid, when ex- 
cited or rubbed. The property itself was first discovered by Thnles 
of Miletus, one of the seven wise men of Greece. The word is now 
nsed to ospress both the fluid itself and the science which treats 
of it. 
„-, , ,, 956. The nature of eleotricity is entirely 

Wnal are the , -, , ■ i ■ 

preitii/ijig tJieo- unknown. Some philosopners consider it a 
rm of eiectric- fluid; others consider it as two fluids of oppo- 

^' site qualities; and others again deny its oiateri- 

ality, and deem it, like attraction, a mere property of matter. 
The theory of Dr. Franklin was; that it is a single fluid, dis- 
posed to diffuse itself equally among all substances, and exhib- 
iting its peculiar effects only when a body by any means becomes 
possessed of more or Iras than its proper share. That when any 
substance has more than its natural share it is -positwdy elec- 
trified, and liat when it has less than its natural share it is 
jieg-ffiiiuejy electrified i that jjosiiiee electricity implies a redun- 
dancy, and negative eleotricity a deficiency, of the fluid. The 
prevalent theory at llie present day is that it consists of two 
fluids, bearing the names of positive and negative. 

957, Profesaor Faraday has proposed & nomenclature of eleo- 
trioity, which has been adopted m some ecienttfio treatises. From 
the Greek words i;?.eicri/ov, (eieckicity, or amber, from which it waa 
fii'st produced), and ISis (a way or path), he formed the word eleo- 
trades, that is, ways or paths of electricity. The course of positive 
electricity he called the anode (from the Greek Seohg, an ascending 
or entering way), and the course of the negative electricity the 
cathode (from the Greek xu.iolo!, a descending way, or path of exit). 
The terms positive and negative are, however, more frequently em- 
ployed to designate the extremities of the channels through which 
electricity passes. Positive el'ectricity is eometimes expressed by 
the term plus, or its character -|-; and negative electricity by the 
term rrdniis, or its character — . 

Eow may elec- 958. Electricity may be excited by sev- 
fji^^ eral modes —as, lat, by friction, whence it 

is called Friclional Electricity ; 2dly, by chemical action, 
called, from its discoverers, Galvanic, or Voltaic Electric- 
ity ; 3dly, by the action of krit, whenoB it ia called 
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Thermo- Eleiitricity ; 4thly, by Magnetism. Friotional 
Electricity forms the subject of that branch o£ Electricity 
asaally treated under the head of Natural Philosophy; 
Electricity excited by chemical action forms the subject 
of Galvanism ; and Electricity produced by the agency 
of heat, or by Magnetiam, la i:^ually considered in connec- 
tioa with the subject of Electro-Magnetism. The intimate 
connection between these several subjects shows how close 
are the links of the chain by which all the departments of 
physical science are united. 

959. The electric fluid ia readily commu- 

bv a Conductor w<'ated from OEcaubstance to another. Some 

and a Non-con- substances, however, will not allow it to pass 

ti-iJhi? ^ ~ 'though or over them, while others give it a 

free passage. Those substances through 



which it passes without obstruction are called Conductors, 
while those through which it cannot readily pass are called 
Non-conductors ; and it is found, by experiment, that all 
electrics* are non-conductors, and all non-electrics are 
good conductors of electricity. 

960, The following substances are electrics, or non-conductors 
of e ect ty anely, 

At no pher o air (when dry). Feathers, 

a Amber, 

D monl Sulph-j, 

A p ec ous 6 ones, Silk, 

All gnm3 and lesina, Wool, 

T£e oxides of all metals. Hair, 

Beeswax, Paper, 

Sealing- was. Cotton. 

All these substances must be dry, or they will become more 
or It-ss conductors. 

■ Ihe terojHiiclectrica" and " ooa-BleatiicB" have Men lata -JiauBS'. 
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961. The following Bubstanoes are non-eleo tries, or concIuotorB 
of electricity ; namely, 

All metals, Living animals, 

CbarooaJ, Vapor, or steam. 

962. The following are imperfect oondaetors (tliat is, they 
toiiduot the electric flaid, bat not so readily as the substances 
above mentioned); namely, 

Water, Common wood, 

Green vegetables, Dead animals, 

Damp air, Bone, 

Wet wood, Horn, &o. 
All fiiibstanees containing moisture. 

Wketi is a con- 9^3. When a conductor is surrounded on 
iuctor said to ^U sides by non-conducting substances, it is 
ie insulated i . i , . ■ > 

said to be insulated. 

964. As glass is a non-conducting substance, any conducting 
substance surrounded with glass, or standing on a table or stool 
with glass legs, will be i-nmlaled. 

965. As the air is a non-conductor when dry, a substance 
which rests on any non-conducting substance will be insulated, 
uniesa it communicate with the ground, the floor, a table, &o. 

96b When i con mun cat on s made be 

d 'ha "d *™ ^^ ** ^^ luetoi -ini an e\c ted surl ce 

the ele tr ty f om the e c ted out ice i3 

n nediitely con eye! bj the co du to to t! e ^ ai nd but 

f the cor doctor be su! ted ts v^oIe s fice wll be ome 
electr fie 1 an ] t s sa d to be ol o ged 

\Vha s he ^^ "^^ earth may be cons de ed as the 

o and pr cjil leservo of electr c J and whea a 

' ^ commun cat on ex sts by means of any con 

due n^ sub anee between i Voly co ta n ng more tha ffl 
nat ral are of th fl 1 and the ea h the bo ly w 11 rarae 

lis el laut ^ an ty and the fl d W 11 es a|.e to 
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the eartt Thui when a pe\son holds a metallic tube to an 
excited •surface the electricity e^icipea from the surface to the 
tube and passes fiom the tube through the person to the floor ; 
and the fiooi be ag connected with the earth by eondueting sub- 
stances such as the timbers &i, which support the building, 
the electricity will finilly pas^ off by a rogulai- succession of 
conducting substances from the excited surface to the earth. 
But if the cLiin of conducting substances be interrupted, — that 
IS if iny noH conducting substance occur between the excited 
Burfii,e and the course which the fluid takes in its. progress to 
the eaith — the oonducling subbtanoes will be insulated, and be- 
come chaiged with electricity Thus, if an excited surface be 
connected by a long chain to a metallic tube, and the metallio 
tube be held by a peison who is standing on a stool with glasa 
legs or on a cake of sealing wis resin, or any other non-con- 
ducting subatanoe the electncity cannot pass to the ground, and 
the person the chain anl the tube will all become electrified, 

plest mode of ^•''^ '^^^ simplest mode of exciting elec- 
enf^ttmff electric triutv IS by fiiCt on. 

Thus, if a thick yl nd f aiing-wax, or sulphur, or a 
glass tube, be rubb d w Ui a It handkerchief, a piece of clean 
flannel, or the for f a ^Ui d p d," the electric fluid will be 
excited, and may b mm t d to other substances from the 

electric thus exoit d 

"Whatever substi ce is u^el, it must be perfectly dry. If, 
therefore, a glass tube be used, it should previously be held to 
the fire, and gently warmed, in order to remove all moisture 
&om its surface. 

T^ f ■ 969. The electricity excited in glass is 

by Vitreous and called the Yitreoits or positive electricity ; 
Eesmovs eke- ^^^^ ^-^^^ obtained from sealinff-wauX, or other 
tnaly? _ ^ ' 

resinous subata'ncea, is called Itesinous, or 
negative electricity. 
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970. The vitreous and resinous, or, in 
fffecij when a Other words, the positive and negative elec- 
bo^v is charged tricities, always aficompany each other ; for, 
of ekctridty? ^^ ^^J surface become positivOj the surface 
with which it is rubhcd will become nega^ 



ve, the nearest con- 
;; and, if positive 
1 of an electric, (aa 



live, and if any surface be made p 

ducting surface will become negativi 

electricity be comnaunicated to one s 

a pane of glass, or a glass vial), the opposite side will b 

come negatively electrified, and the plate or the glass is 

then said to be charged. 

971. Wken oae side of a metallio, or other oonductoi, 
receives tke electric fluid, its whole surface is instantly per- 
vaded ; but wlien au electnc is presented to an electrified body, 
it becomes electrified in a small spot only. 
What is the 9T2. When two surfiices oppositely electrified are 
effeU when, united, (Jieir powers are destroyed ; and, it' their 
o^osit^ ""^"^ ^^ ^^^^ througt the human body, it pro- 
eleclrijied arc duces an afiection of the nerves, called an eleotrio 
united f gjjoek. 

Wiat is the law of ^"^^^ Similar states of electricity repel 
electrical aitraction each other ; and dissimilar states attract 
..dr^uM,,! emh Other. 

5)hus, if two pifh-balls, suspended by a silk thread, are both 
positively or both negatively electrified, they will repel each 
other ; but if one be positively and the other negatively cleotri- 
fied, they will attract each other. 

What is the ^74. The Leyden jar is A glass vessel used 
Leijdenjar? for the purpose of accumulating the electric 
fluid, procured from excited surfaces. 
Efplain 975. Fig. 143 represents a Leyden jar. It 

^" ' is a glass jar, coated both ou the inside and the 
outside with tin-foil, with a . cork, or wooden stopper, through 
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whiuli a metallic rod passes 
knob, and connected by mean 
end, with tie inside coating o 
extends both, on the inside and 
two or three inches of the top 
pared, when an escited sur 
brass knob, or connected with 
surface, it parts with its eleo 
the jar, and the jar is said to b 
976. -UTien 
is the eleclrie- 



L d 



Th 



surface of th 

serves only as a conductor to h fl d d d 

within the glass is insulated, t fl d w j 

a communication be made, by means of some conducting sub- 
stance, between the inside and the outside coating of the jar. 
If then a person apply one hand or finger to the brass knob, and 
the other to the outaide coating of the jar, a communication will 
be formed by means of the brass knob with the inside and oat- 
side of the jar, and the jar will be discharged. A vial or jar 
that is tTimlated cannot be charged. 

What is an Eke- 977. Anelectrical battery is composed of 
trUal Battery? ^ number of Leyden jara connected together. 
The inner coatings of the jars are connected together by 
chains or metallic bars attached to the brass knobs of each jar ; 
and the outer coatings have a similar connection established by 
placing the vials on a sheet of tin-foil. The whole battery may 
then be chai^d like a single jar. For the sake of eonveitienoa 
in discharging the battery, a knob connected with the tin-foil on 
which the jars stand projects from the bottom of the bos which 
contains the jars. 

Wliat is tU joint- ^"^S- ThejoiM^erfdiscbaj'ger is an instru- 
ed discharger? ment used to discharge ajar or battery. 
Explain Fig. 144 represents the jointed discharger. It 

fi^. 144. uu^gjgtg Qf {„(, ,,oJs, generally of brass, termiuating 
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at one end in brass balls, and connected 
together at the other end by a joint, liLe 
that of a pair of tonga, allowing them 
to be opened or closed. It is furniabed 
with, a glass handle, to Be;,ure the peison 
who holds it from the effects of a shock. 
When opened, one of the balls is made 
coating of the jar, or the knob coBnected wi 
battery, and the other is applied to the kn 
A communioation being thus formed betwe 
outside of the jar, a discharge of the fluid 
W&r,m.,l W9. When » ch.rge ot y 

ahodybe sent through any partic 
^d^r^^'recJv' substance must form a pai fa 

a charge of electricity / that is, it mu P <i 

ekctricityt a manner fliat the fluid c p 

inside to the outside surface of the jar te 

passing through the substance in its pas 
What effect l<m,e sharp 980, Metallic roi h p 

melaUic poinis ? silently attract the electric fluid. 

If the balls be removed from the jointed discharger, i 
two rods terminate in sharp points, the electricity will pass off 
silently, and produce but little effect. 

H<riDmay a 981, A Leyden jar, or a battery, may be silently 
Lieyaenjaror jig^jjai-ged by presenting a metallic point, even that 
lently dis- of the finest needle, to the knob ; but the point must 
chargedj jg irought slotdy towards the jar. 

982. It is on this principle that lightning-rods 
c^hareUgU-^''^ Con'itruBted. Tlie electric fluid is silently 
ning-rods drawn from the cloud by the sharp points on the 
consiTuaed. ^^^^^ ^^^ j^ ^^^^ prevented from suddenly exploding 
on high buildinga. 

983. Electricity of one kind or the other is gen- 
erally induced in surrounding bodies by the vjein- 



ind the 



What i: 
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ity of a highly-es cited electric. This mode of eom- 
t.lectTicilf/(>i/ juuaicating electricity by approach is styled inditC' 

984, A body, oa approaching another body powerfully elec- 
trified, will be thrown into a contrary state of electricity. Thus, 
a, feather, brought near to a glass tube esoited by friction, will 
be attracted to it; and, therefore, previouisly to its touching the 
tube, negatiTfi electricity must' have been induced in it. On the 
contrary, if a feather be brought near to excited sealing-wax, it 
will be attracted, and, consequently, positive electricity must 
have been induced in it before contact, 
■^/ifii ig 985. Wien electricity is communicated from 

Meciricity by Qjie hod J to another in contact with it, it is 
rnnsjer. gj^jig^ electricity fiy transfer. 

^ai I* on 986. The electrical macliiiie is a, machine 

jLlectrtcal 

JWocAine,aiuiconstructed for the purpose of accumulating or 

"" 5"^'. P""' collecting electricity, and transferring it to other 



987. Electrical PJachines are made in various forma, but all 
on the same principle, namely, the attraction of metallic points. 
The electricity is excited by the friction of silk on a glass sur- 
iaee, assisted by a mixture or preparation called an amalgam, 
composed of mercury, tin, and zino. That recommended by 
Singer is made by melting together one ounce of tin and two 
ounces of zinc, whieb. are to be mised, while fluid, with six 
ounces of mercury, and agitated in an iron or thick wooden bos, 
until cold. It is then to be reduced to a very fine powder in a 
mortar, and mixed with a suf^cient quantity of lard to form it 
into a paste. 

The glass surface is made either in the form of a cylinder or 
a circular plate, and the machine is called a cylinder or a plate 
machine, according as it is madewitha cylinder or with a plate. 
Explain S8S. Fig, 145 represents a plate electrical ma- 

Fig. 145. ohJue, A D is the stand of the toaohine, L L L L 
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nte tho four glass legs, or posts, whiKh support and insulate lie 
parts of the machine. P is the glass plate (which in some ma- 
chines is a hollow cylinder) from which the electricity is escited. 
and H is the handle by which the plate (or cylinder) is turned, 
E, is a leather cushion, or rubber, held closely to both sides of 
the glass plate by a brass clasp, supported by the post G L, 
which is called the rubber-post. S is a silk bag, embraced by 
the same clasp that holds the leather cushion or rubber ; and it 
is connected by strings S 8 S attached to its three other corners, 
and to the legs L L and the fork F of the prime conductor. 
is the prime conductor, terminating at one end with a moTable 




brass ball, B, and at the other by the fork F, which hna one 
prong on each side of the glisa pldte On eaah piong of the 
fork there are several shaip pomts pioieeting towiids the plate, 
to collect the electricity as it is generated by the fii tion of the 
plate against the rubber. V is a chain or wire, attached to the 
brass ball on the rubber-post, and resting on the table or the 
floor, designed to convey the fluid from the ground to the plate. 
When negative electricity is to be obtained, this chain is re- 
moved from the rubber-post and attached to the prime conductor, 
and the eleotricity is to bo gathered from the ball on the rubber- 

ExvJain the ^^^' OPEaATiON oj the Machine, — By turning 
opefdtion of the handle H, the glass plate is pressed by (iie rub- 
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tM F.har.- ber. The friction of the rubber agninst tie glass 
cal MarMne. ^j^j^ ^^^ cylinder) produces a transfer of the elec- 
tric fluid from tte rubber to the plate ; thai is, tbe cushion be- 
comes negatively and the glasa positively electrified. The fluid 
whioh thus adheres to the glass, is carried round by the reyolu- 
tion of the cylinder ; and, its escape being prevented by the silk 
bag, or flap, which covers the plate (or cylinder) until it comes 
to tlie immediate vicinity of the motallio points on the fork F, 
it ifl attracted by the points, and carried by them to the prime 
conductor. Positive electricity is thus accumulated on the prime 
conductor, while the conductor on the rubber-post, being deprived 
of this electricity, is negatively electrifled. The fluid may then 
be collected by a Leyden jar from the prime conductor, or con- 
veyed, by means of a chain attached to the prime conductor, to 
am' substance which is to be eleotriSed, If both of the conduc- 
tors be insulated, but a small portion of the electric fluid can be 
excited ; for this reason, the chain must in all cases be attached 
to the rubber-post, when positive electricity is required, and to 
the prime conductor when negative electricity is wanted. 

What is an ^^^* ^^ ^^ prime conductcr is placed an 
Electrom- Electrometer, or measurer of electricity. It is 
^Khatwind- '^^^ i'' various forma, but always on the prin- 
pleisitcoti" ciple that Bimilar states of electricity repel each 
struotedJ ^^^^^_ 

It sometimes consists of a single pith-ball, attached to a light 
rod in the manner of a pendulum, and behind is a graduated arc, 
or circle, to measure the repulsive force by degrees. Sometimes 
it ia more simply made (as in the figure), consisting of a wooden 
ball mounted on a metallic stick, or wire, having two pith-balls, 
suspended by silk, hair, or linen threads. When the machine 
is worked, the pith-balls, being both similarly electrified, repel 
each other ; and this causes them to fly apart, as is represented 
in the figure; and they wiU continue elevated until the electric- 
ity ia drawn off. But, if an uninsulated conducting substance 
touch the prime conductor, the pith-balls will fall. The height 



to wliiGh the balls rise, and the quickness with which they are 
elevated, afford some test of the power of the machiue. Thia 
eimple apparatus may ha attached to any body the electricity 
of which we wish to measure. 

The balls of the electrometer, when elevated, are attracted by 
any resinous substance, and repelled by any vitreous substance 
that has ^eea previously excited by friction. 

991. If an electric, or a non-conductor, bepresented to the prime 
conductor, when charged, it will produce no effect on the balls; 
but if a non-electric, or any conducting substance, bo presented 
to the conductor, the balls of the electrometer will fall. This 
ahows that the conductor has parted with its electricity, and 
that the fluid has passed off to the earth through the substance, 
and the hand of the person presenting it. 

„ „ 992. An Electroscope is an instrument, of more 

Bescme , , ' . , , „ 

Bennett's delicate construction, to detect the presence ot 
Elearoscape. electricity. The most sensitive of this kind of 
apparatus is that called Bennett's Gold-leaf Eleoti-oscope, im- 
proved by Singer. It consists of two Btripsof gold-leaf suspended 
under a glass covering, which completely insnjates them. Strips 
of tin-foil are attached to the sides of the glass, opposite the 
gold-leaf, and when the strips of gold-leaf diverge, tkey will touch 
the tin-foil, and be discharged. A pointed wire surmounts the 
instrument, by which the electricity of die atmoephere may be 



993. An Electrophorus is a simple apparatus by which small 
portions of electricity may bo generated by induction. It con- 
sists of a disc, or circular cake of resinous substance,* on which 
b laid a smaller circular disc of metal, with a glass handle. Rub 
the resinous disc with hair or the fur of some animal, and the 
metallic disc, being pressed down on the resin by the finger, 
may then be raised by the glass handle. It will contain a small 
portion of electricity, which may be communicated to the Leyden 
jar, and thus the jar may slowly be charged. 

• AmistureofSliell-lao, reslD andVenioe-turpentine, oast ina tin muuld. 

23* 
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994. Experiments with the Eleutrical Machine. — In 
peforming experiments with the Electriciil Machine, great care 
must be taken that all its parts he perfectly dry and clean. 
Moisture and dust, by carrying off the electricity as fast as it is 
generated, prevent successful action. Clear and cold weather 
should be chosen, if possible, as the machine will always perform 
its work better then. 

995. When the machine is turned, if a person touch the prime 
conductor, the fluid passes off through the person to the floor 
without his feeling it. But if he present his finger, his knuckle, 
or any part of the body, near to the eonduotor, without touching 
it, a spark will pass from the conductor to the knuckle, which 
will produce a sensation similar to the pricking of a pin or 
Eeedle, 

998. If a person stind on a stool With ^Kfcs legs or any other 
non-condnctoi he wd! he insulated If m iJiis situation he 
touch the prime conluotor or d, (,hain oonni-cted with it when 
the machine is worked ■sparks may be dr-iwn fiom any \ art of 
the body m the '^lae mannei as from the prime conductor 
While the person remains maulatel he esperieiCL-s no sensation 
from being fiUe \ with electricity or if a metiUic point be pre 
sented to inj [art of his lody the fluid mij be drawn off 
silently, without being perceived. But if he touch a blunt piece 
of metal, or any other conducting substance, or if he step from 
the stool to the floor, he will feel the electric shock ; and the 
shock will vary in force according to the (Quantity of fluid with 
which he is charged. 

997. Tub Tissue Figure. Eig.146isa ^'^ 

figure with a dress of fancy paper cut into 
narrow strips. When placed on the prime - 
conductor, or, being insulated, is connec 
with it, the strips being all electrified will 
recede and form a spherearound the head 
On presenting a metallic point to the elec 
trified strips, Tcry singular combinations 
will take place. If the electrometer be 
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removed from the prime eonduotor, and a tuft of feathers, or 
hair, festcned to a stick or wire, be put in its placo, on turning 
ttie machine the feathers or hair will beeonie electrified, and tbo 
separate hairs will rise and repel each other. A toy is in this 
way construoted, representing a person under excessive fright. 
On touching the head with the hand, or any conducting substance 
not insulated, the hair will fall. 

How is the 998. The Leydeit jar may be charged by pre- 
i^ydmjar gentiag it to the prime conductor when the machine 
" ' is worked. If the ball of the jar touch the prime 
conductor if will receive the fluid silently ; but, if the ball of 
the jar -be held at a small distance from the prime conductor, the 
sparks will be seen darting from the prime conductor to the jar 
with considerable noise. 

999. The jar may in like mann be fill d w th negative eleo 
trioity by applying it to the ball on th ubber-poat, and con- 
necting the chain with the prim c nlu to 

1000. If the Leyden jar be cl a g d f om the prime conductor 
(that is, with positive electricity) andp t dto the pith-balls 
of the electrometer, thoy will be repelled ; but if the jar be 
charged from the brass ball of the rubber-post (that is, with 
negative electricity), they will be attracted. 

1001. If tho ball of the prime conductor be removed, and a 
pointed wire be put in its place, the current of electricity flowing 
from tho point when the machine is turned may be perceived by 
placing a lighted lamp before it ; the fiame will be blown from 
the point; aad this will be the case in what part soever of the 
machine the point is placed, whether on the prime conductor or 
the rubber ; or if the [ t b h Id i 
placed between it and th h th 
cases the fluid is blow / 
may be put in motion by th 
point. In this way elect 1 

1002. If the electr m te b 
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ductor, and a point d I btldft wtli 

sharp points bent i tl t m f fell d t 11 b 

made to revolve rap dly I 1 th t f 

the sun and the ea h d th ir m t f gr (y 

together with the ra t f th th d th ni m y b 
represented. This l p t m t m 11 d El t cal 

Tellurium. It may e.t th p m It p os 

lated stand. 

Describe 1003, A chime of small bella on a stand, I'is- U7. 

Fig^. 147. Fig, 147, may also be rung by means of 
br£^3 balls suspended from the revolving wires. 
The principle of this revolution is sunilar to that 
mentioned in connection with the revolving jet, 
Fig. 98, which is founded on the- law that aetioii 
and reaction are equal and in opposite directions, 

1004. If powdered resin be scatt«i-ed over dry 
cotton-wool, loosely wrapped on one end of the 
jointed discharger, it may be inflamed by the discharge of the 
battery or a Leyden jar. Gunpowder may be substituted for the 

1005. The universal discharger is an instrument for 
directing a charge of electricity through any substance, 
with certainty and precision. 

Explain 1006. It consists of two sliding rods, A B and ! 

Fig. 148. jj^ terminating at the extremitiea, A and B, with b'^a-* 

balls, and at the other ends whioh 

rest upon the ivory table o 

E, having a fork, to which any 

small substance may bo attached. 

The whole is insulated by j 

legs, or pillars. The rods slide ^^ 

through collars, by which means their distance from one anothe 

may be adjusted, 

1007. In using the universal discharger one of the rods or 
slides must be connected by a chain, or otherwise, with the out 
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Bide, and the other witli the iii'ide coatm nf the lar or battery. 
By this means the sub&tanLe through whith the charge is ta be 
Bent is plaoed within the ele&tric circuit 

1008. Bj means of the universal discharger any *!iii&ll metal- 
lic sabelance may be burnt The 'lubstance must be placed in 
the forks of the slides and the slides placed withm tke electric 
circuit, in the manner described m the last paiigraph In the 
same manner, by bringing the forks on the •slidci into contact 
with a subitmce pUteJ upon the ivo j tond ot the dis:,hargei, 
such as an egg i pieoe of ■! potd^to w<ite &,o it may be lUu 
minated 

1009 Ethel 01 alcohol may be inflimedby a spark communi- 
cated fiom a person, in the following mannei Thepeisonbtand- 
iiig on the insulating stool receives the electric fluid fiom the 
prime eonductoi by touching lie conductor or any condm,ting 
substance in contact with it, he then inserts the knuckles of 
his hand in a small quantity ot sulphuin, ether, or ilcohoi, held 
in a shallow metallic cup, by another peison, who is not insu- 
lated, and the ethei or alcohol immediately inflames In this 
case the fluid pisae^ fiom the conducfor to fho peison who is 
insulated, and he beoomtd chaiged with electricity As soon 
as he tou^'hes the liquid m the cup, the elettiic fluid, pasaingfiom 
him to the spuit, sets it on hre 

1010. The electrical bells are designed to show the effects 
of electrical attraction and repulsion. 

1011. la some seta of instruments, the bolls are insulated on a 
separate stand ; but the mode here described ia a 
of connecting them with the prime oonduotor. 

1012. They are 
^hm Fig. tj^^g 1^ be ap- ' 

plied: The ball 
B of the prime conductor, with 
its rod, is to be unscrewed, and 
the rod on which the bells are 
3 to be screwed in ita 



rig. 1 
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pi Th m m 1 11 t b t d ly I n w th 

til t 1 1 th fl Wh n th much t d ti b lis 

U.I d 1 b tw th b 11 w 11 b It t ly tt ted d 

I lied by th b lis nd u a t t j, g Ifth bt 
tybh dnd tdwththim dt h 

b 11 w 11 t til 11 th fl d f ni th 1 t y 

h I d 

It my) b Ithttlfldfmthpm It 

passes readily from the two outer bolls, which are suspended by 
chains; they, therefore, attract the two balla towards them. 
The balls, beeoming electrified by ooctact with the outer bells, 
are repelled bj them, and driven to the middle bell, to which 
they communicate their electricity ; having parted with their 
electricity, they are repelled bj the middle bell, and again 
attracted by the outer ones, and thuiS a constant ringing is 
maintained. The fluid which is communicated to the middle 
bell, is conducted to the earth by the chain attached to it. 



Explain what 



1013. Spikal Tube.- — The passage of the 
electric fluid from one conducting substance to 
another, is beautifully exhibited by means of a 
tube, having a brags ball at each end, and coated m 
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the inside with small pieces of tiu-foil, placed at small dis- 
tances from each other in a spiral direction, as represented ia 
Fig. 150. 

1014. In the same manner various Sgures, letters and words, may 
be represented, by arranging similar pieces of tin-foil between two 
pieces of flat glass. These experiinenfa appear rnore brilliant in a 



liatol is made in a variety of forms, sometimes 
[1 the exact form of a pistol, and sometimes in 
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the form of a piece of ordnance. The form 
in Fig. 151 is a simple and cheap contrivance, 
and is sufGoient to explain the manner in 
whieti the instrument is to be used in any of 
its forms. It is to be filled with hydrogen gas, 
and a cork inserted, fitting tightly. When 
thus prepared, if the insulated knob K bo pre- 
flsnted to tlie prime conductor, it will immediately explode. 

1016. A very convenient and economical 

^ " ^^' Tvay of procuring hydrogen gas for this and 
other experiments, is by means of the hydrogen 
gas generator, as represented in Fig. 152. It consists of a glass 
vessel, with a brass cover, in the centre of which is ^ 
astop-cock; from the inside of the cover another 
glass vessel is suspended, with its open end down- 
wards. Within this a piece of zinc is suspended by 
a wire The outer vessel contiina i mixture of sul 
ph Idwt bt ptfwtto 

f d Wh th t wb. h th 

gl fi ! fix 1 pi d p th 1 tl 

d t f, p tl es th m tal t 

b b th y f th t \ th 1 J 

th th 1 1 t 1 t f th w t 1 th 

dis g d ea th g! f m wh h t xpels the 

wt d w! tl t I k t d th hyd gas may 

b llect d th hjd g p tol y th 1. In the 

fhyl ^ g f pi twllb y to dilute 

thgawth qlpt ftm[h 
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Fig. 153 
From the 



^ 7« ' ^' , t th El t 1 Si t 

1 g b 11 f L yd J tw b d made of 

p th ( b ta p d 1 g q f t f the cora- 

tllth hi fwhh ptth tsd posed of 

p k) p d d 1 y 1 th 1 Ik h ir When the 

1 1 1 tl b 1 11 p t 1 the figure, 



on account oi 
eion of tke fluid 



he repul- 
in the jar. 
1018. Ifthejarbetlien 
placed on the tin-foil of the 
Etand, and the smaller ball 
placed within a half inch 
of the end of the gun, a 
discharge will beproduced, 
and the birds will fall. 

1019. If 
&flain Fig. .^^^ ^f 




■ small 
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made of pith, o 
pieces of paper, are placed under the insulated 
stool, and a connection be made between the 
prime conductor and the top of the stool, the images will be 
alternately attracted and repelled; or, in other words, tliey will 
first rise to the electrified top of the stool, and thus becoming 
themselves electrified, will be repelled, and &11 to the ground, 
the floor, or the table ; where, parting with their j.,g_ ^^^_ 

electricity, they will again be attracted by the 
stool, thus rising and falling with considerable 
rapidity. In order to conduct this experiment 
Buooessfolly, the images, &o., must be placed 
within a short distance of the bottom of the 

1020. On the same principle light figures 
may be made to dance when placed beiween two 
discs, tbo lower one being placed upon a sliding 
stand with a screw to adjust the distance, and 
the upper one being suspended from the prime 
Fig. 154. 

1021. A hole may be perforated through a quire of paper 
by charging the battery, resting the paper upon the brass bail 
of the battery, and making a communication, by means of tbo 
jointed discharger, between the ball of one of the jars, and the 
br^s ball of the box. The paper, in this case, will be between 
the ball of tlie battery and the end of the discharger. 
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1022 GroJd Jeaf may be force 1 into tbt, pores of glais by 
placing it between two slips of win low gla'*'" pressing tbe slipa 
of glass firmly together anil sending a shock from a battery 
tbroufjh them 

If gDld leat be jlaced between two cards and a strong charge 
bo pa sed through them it will be completely fu el 

1023 Alhen electncity enters at a point it appeiia in 
tbe form of a stii but when it goes out fiom a point it 
puts on the ippeimnce of a 1 riihh 

1024 The thimder house Fi^ 165 is de 
Descnh ng si^ncl to show the seeimty affoi led by light 
nmgrods when lightning stiikes a bulling 
This IS done ly placm^ a highly-oombuatil le material m the 
inside of the house and \ ass af, i 
ehirge of electricity through it On 
the flooi of the house is a surfice of 
tin foil The hydrogen pistol being 
filled with hjdio^cn gas fiom the 
gasometei must be ] laced on tl e floor 
of the thunder-house, and couHected 
with the wii'e on the opposite side. 
The house being then put together, a chain must be connected 
with the wire on the 'd p 't t th I'ght ' fe 1 d th 
other end placed in hwh gLedn 

with the battery. W ei g 

connection bo formed b w 

lightning-rod, the flu w p ff d d 

effect, But, ifasma ass d 

rod, and a charge o ec b h 

the battery, the gaa hpto pod hwh 

parts of the house as d w d 

1025. Tlieaucceasof this experiment depends upon the proper con 
nection of the jar with the hghtning-rod and tlie electrical pistol 
On the side of tbe house opposite to the lightning-rod tliere is a 
wire, passing through ttie side, and tonniuating on the outside in a 
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hoolt. T\"hen tho liouse ia put togcthei", this wire, in tho inside, 
must touch the tin-foil on too floor of the hooao. The hydrogen 
pistol must stand on the tin-foil, and its ioaulated knob, or wire, pro- 
jecting fix>m its side, must ba connected with the lower end of tho 
lightning-rod, extending into the inside of the house. A communi 
cation must then be made betweon tho hook on the outside of the 
house and the outside of the jar, or battery. This is oonTenieatly 
done by attaching one end of a chain to the hook, and holding the 
other end in the hand against the side of a charged jar. By pre- 
senting the knob of the jar to the points of the lightning-rod no 
effect is produced ; but if a braes ball be placed on the points at P, 
and the knob of the jar be presented to the ball, the explosion will 
take place. If the charged jar ba uery suddenly presented to the 
points, the explosion mai/ t^e place; and the jar may be silently 
discharged if it be brought very slowly to the ball. The thunder- 
honse ia sometimes put together with magnets. 

What is lieU- 1026. The phenomena of lightning are 
ning and ihuTf caused by the rapid motion of vast quanti- 
"' ties of electric matter. Thunder ia the noise 

which accompanies the passage of electricity through tho 

What is sup- 1027. The aurora borecdis (or northern 
posed to be the lights) is supposed to be caused by the electric 
cause oj Ihs Quii passing throuffh highly-rarefied air; and 

rtarihern lights? , „ ,, ^ , , . ^ ^ i. 

most of the great convulsions of nature, such 

as earthquakes, whirlwinds, hurricanes, water-spoufs, &c, are 
generally accompanied by electricity, and often depend upon it. 

102*^ The eJectriL (y which a bodynanifeats by being brought 
neai to an excited body without reoe vin^ a si i. L from it, is 
Baid to be acquired hj iTiductton When an insuHted but un- 
electrified conductor is brought near an msuHted charged con- 
ductor the end near to the excited conductoi issumes a BtaM 
of opposite electricity wiiilo tho farther end i 
kind of electricity — that is if the onduotoi ! 
positively the unelectrified conductor wiH be negative at the 
nearer end and positive at the furlier end while tho middle 
point evince? neither poMtive nor negative dectricitj, [See 
No. 993. 

1029, The experiments which have now b»eu described esem- 



KLECTEicrrr. 



these I 



merable forois, by an ingenious praotiwil electrician. Among other 
things with which the subject may be made interesting, may be 
mentioned the following facia, &o. 

1030. A nnmber of feathers, suspended by strings from an insu- 
lated conducting substance, will rise and present the appearance of 
a flight of birds. As good as the substance is dischiirged, the 
feathers will fall. The experiment may be varied by placing the 
sportaiuan on the prime conductor, without the use of the I-eyden 
jar, to which the birds are attached. 

1031. Instead of the Leyden jar, a plate of common glass (a pane 
of window-glass, for instaoce) may be coated on both sides with 
tin-foil, leaving the edges bare. A bent wire balanced on the edge 
of the glass, to the ends ,of which balls may be attached, with an 
iioage at each end, may be made to represent two persons tilting, on 
the same principle by which the electrical bells are made to ring. 

1032. Miniature machinery has been constructed, in wliieh the 
power, was a wheel, with balls at the ends of the spokes, situated 
within the attractive influ n f tw 1 ger balls, differently electri- 
fied. As the balls on th p k attracted by one of the larger 
balls, they changed th I t .al t to, and were attracted by the 
other, which, in its return ] lid h m, and thus the motion being 
j^ven to the wheel was mmun oat d by cranks at the end of the 
Bxle to the saws aboi 

1033. When the h d p nt d to the prime conductor, a 
spark is communicated tte d d th a slightly painful sensation. 
But, if a pin or a needle be held in the hand witn tho_point towards 
the conductor, neither apark nor pain will be perceived, owing to 
the attracting (or, perhaps, more properly speaking, the receiving) 
power of the point. 

1034. That square rods are better than round ones to conduct 
electricity silently to tlie ground, and thus to proteot buildings, 
may be proved by causing each kinil of rod to appro.ich the 
prime conductor when charged. It will thus be perceived that, 
while little effect is produced on the piik-balls of the electrom- 
eter by the near approach of the round rod, on the approaeii 
of the square one the balls will immediately fall. The round 
rod, also, will produce an explosion and a spark from the ball 
of the prime conductor, while the square one will draw off the 
fluid silently. 

1035. The effects of pointed conductors upon clouds charged 
witb electricity may be familiarly exemplified by suspending u 
Binall fleece of eotton-wool from the prime conductor, and 
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othef smaller fleeces from the upper one, by small filaments. 
On presenting a point to th.em they will be repelled, and all 
drawn together; but, if a blunt conductor approach them, they 
will be attracted. 

1036. Prom a great variety of facts, it has been ascertained, 
that lightning-rods afford but little security to any pai-t of a. 
builtling beyond twenty feet from them; and that when a rod is 
painted it loses its conducting power. 

What are the 1037. The lightning-rods of the most ap- 
best kinds of proved construction, and in strictest accordance 
Ugktmng-Todsl ^.|j^ philosophical principles, are composed of 
small square rods, similar to nail-rods. They run over the 
building, and down each of the corners, presenting many 
elevated points in their course. At each of the corners, and on 
the chimneys, the rods should be elevated several feet above the 
building. If the rods are twisted, it will be an improyeraent, 
as thereby (he sharp surfaces presented to collect the fiuid will 
point in more varied directions. 

1038. The removal oFsilk and woollen garments, worn during the 
day in cold weather, is often accompanlea by a slight noise, resem- 
biing that of spiirka iaauing from a fire. A riinilar effect ia pro- 
duced on passing the hand softly over the back of a oat. These 
eflacts are produced hj electricity. 

1039. It may here be remarked, that the terms positive and na^ 
tive, are mereiy relative terms, as applied to the aubjeot of electriO' 
ity, Thua, a body which ia possessed of \ta natural ahare of 
electricity, is positive in respect to one that has less, and negative, 
in respect to one that has more than its natural ahare of the fluid. 
So, also, one that haa more than its natural share is positive with 
regaril ia on« that haa only its natural share, or less than ita natu- 
ral share, and negative va respect to one having a larger share 
than itself. 

1040. The experiments with the spiral tube connected with Fig. 
150 may be beautifully varied by having a collection of such tubes 

{iaoed on a stand ; and a jar coated with small strips, resembling a 
[■ick wall, presets, when it is charged, a beautiful appearance ic 
the dark. 

1041. The elactrio fluid occupies no perceptible space of time 
iu its passage through its circuit. The rapidity of its motion lias 
been estimated as high aa 288,000 miles in a Eecon<3 of time. It 
always seems to prefer tlie sliortest passage, when the condactara 



are equfillj good. Thus, if two, ten, a hundred, or a thousand of 
more persons, join lianda, and be made part of tlie circuit of the Suid 
in passing from the inside to the outside of a Lejden jar, they will 
all feel the shook at the same moment of time. But, in its passage, 
the fluid alwajs prefers the best conductors. Thus, if two oSouds, 
tlifierentl; electrified, approach one another, the fluid, in its passage 
from one cloud to the other, will sometimes take the earth in its 
course, because the air is a bad conductor. 

1042. In thunder-storms the electric Quid BOmetimea passes from 
the clouds to the earth, and sometimes from the earth to the clouds, 
and sometimes, as has just been stated, from one cloud to tbe earth, 
and frjra the eaith to inother doud.* 

What me 104^ It is not safe, during a thunder-storm, to 

coi/'pn at lefi/ taVe "^ Iter under a tree, because the tree attracts 
safea d i the fluil anl the human body being a better con- 
durin" a du toi than the tree, the fluid will leave tJie tree 

thunder Honn^ anl pass into the body. 

It IS also unsafe to hold in tho hand edge-tools, or any sharp 
point which will atti^ct the fluid. 

The safest j oh tion that can be chosen during a thunder-storm 
is a recu 1 1 ent posture on a feather bed ; and in all situations a 
reoumbcnl 1= =afer thin an erect position. Ho danger is to be 
apprehended from 1 ghtning when the interval between the flish 
and the noise of the explosion ia as much as three or four sec- 
onds. This space of time may be conveniently measured by the 
beatings of the pulse, if no time-piece be at hand. 

1044. Lightning-rods were first proposed by Dr. Franklin, to whom 
IS also ascnoed to honor of the disnovorj that thunder and light- 
ning are the eflfects of electricity. He raised a kite, constructed of a 
Bilk handkerchief adjuated to two light strips of cedar, with a 
pointed wire fiiedtoit ; and, fastening the end of the twine to a key, 
and the key, by means of a piece of ailk lace, to a post (the silk lace 
serving to insulate the whole apparatus), on the approach of a 



♦ At 


oon 


gtheo 


ommon effoi 


rts of lightning one of th. 


, most f 


amil 


inr is ila 










that milk freqaantly tui 




r du 


ring the 


prevail 




1 Ufa 


thnndor-ato 




irohorg 


ad« 


lU, elee- 


trioity, 




ijbetl 


ms BxplaiM 


,d; Tho air coDsista of tw 


ogaeei 


!, called oxy- 




id . 


litroge: 


n, ndxsd together, but not ohemioall; 


wmtin 


■.id. 


Oxygen 


%m<Un, 


rd ■ 


Bith n 


itrogen produoes fi™ deadly poiaom 




lely, 




oiidB, 






;e, hyponitri 


303 aoid, nitrODS acid, aad 


nitric 


oeid 


, aoeord- 


ingto_ 


tho 


proportion of oaoh 


gaa which enters into the 


. oombi 


oatii 


m. The 




ifli 






ises, whieh »re merely mi* 


^d in tho ai 


ir, oheia- 


ioally 1 




(rtBiini, 


and form m 


1 aoid. >Thieh oiaaea Uie milk to turn si 










24* 











hosecuvGooglc 



Sia2 NATURAL PHILOSOPHY. 

thunder-oloud, he was able to collect sparks from the koj, to charge 
Leydea jars, and to set fire to apirits. This espEriment established 
the identity of lightning and electricity. The eaperiment was a 
dangerous one, as was proved in the ease of ProfeEsor Eiehmnn, of 
St. Pelersburgh, who fell a sacrifice to his zeal for electrical sMenco 
by a stroke of lightning from his apparatus. 

What are the 1045. Among the most ' remarkable fiicts con- 
Ehctrical neoted with tho science of electricity, may be mea- 
Anitaals. tioned the power poaaessed by certain species of 
fishes of giving shocks, similar to those produced by the Leydett 
jar. Tliere are three animalB possessed of this power, namely, 
the Torpedo, the Gymnotua Eleotricus (or Surinam Eel), and 
the Silurus Eiectrious. But, although it has been ascertained 
that the Torpedo is capable of giving shocks to the animal sys- 
tem, similar to those of the Leyden jar, yet he has never heen 
made to afford a spark, nor to produce tho least effect upon the 
most delicate electrometer. The Gymnotus gives a small but 
perceptible spark. The electrical powers of the Bilunia are in- 
ferior to those of the Torpedo or the Gymnotus, but still sufficient 
to give a distinct shook to tte human system. This power seems 
to have been bestowed upon these animals to enable them to 
secure their prey, and to resist the attacks of their enemies. 
Small fishes, when put into the water where the Gymnotus is 
kept, are generally killed or stunned by the shock, andswailowed 
by the animal when he is hungry. The ' Gymnotus seems to be 
possessed of a new kind of sense, by which he perceives whether 
the bodies presented to him are conductors or not. The consid- 
eration of the electricity developed by (he organs of these ani- 
mals of the aquatic older belongs to that department called 
Ammal Ekctritity 

1046 It will be recollected that the phenomen^ which have 
now been lescnbed with the exception of what has juat bttn 
stated as belonging to inim il electricity, belong to thi, subiect 
oi fnct tonal dectitcity But theie aie other forms in whioh 
this snbtlo agent presents itself, which aie yet to be described, 
ffhich show that its opoiations are not confined to beautiful 
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What is 1047. Galvanism, or .Voltaic Electric- 

Galvaniim? j-^j. — Galvanism, or Voltaic Electricity, is a 
branch, of electricity which derives its name from Galvani, 
who first discovered the principles which form its basis. 

1048. Dr. AloysiuB Galvaoi was aProfeasorof Anatomy in Bolog- 
na, and made hia diseoverieB about the year 1790. His wife, being 
oonsumpljre, was advised to take, as a nutritive article of diet, soma 
soup made of the flesh of flrogB. Sevwal of these animals, recently 
skinned for that purpose, were lying on a table iu his laboratory, 
□ear aa electrical machino, with wliich a pupil of the professor was 
amusiug himself in trying oxperimante. While the machine was in 
action, he chanced to touch the bare nerre of the leg of one of the 
frogs with the blade of a knife that he held in his baud, when aud' 
denlj the whole limb was thrown into violent convulsions. Galvani, 
being informed of the fact, repeated the experiment, and examined 
minutely all the oircumstanoes connected with it. In this wa_y he 
was led to the discovery of the prineipleg which form the basis of 
tiia science. The science was subsequently extended by the discov- 
eries of Professor Volta, of Paria, who first constructed the galvanic 
or Yoltaio pile, in the be^uning of the present century. 

To produce electricity mechanically (as has been stated under the 
head of friotional electricity), it is necessary to eicite an electric or 
non-conducting substance oy friction. But giilvanic 



fromfrklio, 
<d electricity ? 



IP does gal- 1049. Priotional electricity is produced by tlio 
n differ mechanioal action of bodies on one another; but 
n, or galvanio electricity, is produoeil by 
their chemical action, 
W?urt is the 1050. The motion of the electric fluid, excited 
djfference in y^j galvanic power, differs from that explained 
friclionaland ^nder the head of frictional electricity in its iu- 
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chemical dec- tensity and duration ; for, while tie latter exliibits 
tridty? itself in sudden and intermitted stocks and explo- 

Biona, the former continues ia a constant and ua interrupted cur- 
rent so long as the chemical action continues, and is interrupted 
only by the separation of the siibstanoes by which it is produced.* 
j^ 1051. The nerves and muscles of animals are 

sensitive to most easily affected by the galvanic fluid ; and the 
the galvanic voltaic or- galvanic battery po&se&se^ the most aur- 
■'^"' * prising power? of chemical decomposition. 

How is the ;j^Q52. The galvanic fluid, or influence, is ex- 

galvamcuutd ° 

esxited ! cited by the contact of pieces of different metal, 
and sometimes by diSerent pieces of the same metal. 

1053. If a living frog, or a fish, having a slip of tin-foil on its back, 
be placed upon a piece of zinc, spasms of tho muscles will be ex- 
cited whenever a commonication is made between the zinc and the 
tio-foii, 

1054. If a person place a piece of ono metal, as a half-dollar, 
above his tongue, and a piece of Horae other metal (as sine) below 
the tongue, he will perceive a peculiar taate ; and, in the dark, will 

" Tho different aotien of gravity on ths particles of water wliile in tie 

baeo eipJaEnad in the early pages of this rolnmc. In Iho oae enso *eaoh 
partiole gravitalies inde pendent Jy, while io tlio furm of iee the; gravitate 
in one mass. The fall of a body of ioe would therefore produce more eerioua 
injnry than the fall of the same quantity of water in Che liquid form. There 
is a kind of analogy (whiob, though not Huffloienii foe a philoeophioal expln- 
nation, may serve to give an insight into the differenoa between the effacta 
prodnoed by friotional elaetrieitj and tJiat obtained by ehamical means,) 

frictional and obemtcal aleotrioity. If the water bedroppedin an inenitely 
narrow stream, its effects, although meohanioally equa!, would be so gradual 
as to be impei-eeptible. So, also, If a given porUon of elaatriaity be set in 
motion as it were In one mass, and an equal quantity move in an inflnitaly 
narrow ourrBOt, there will be a corresponding differenee in its apparent 
results. The difference la itUensils may perhaps ba partially understood by 
this illustration, although a strict analogy may fail to have been made out, 
owing in part to the nature of an imponderable agent. A striet analogy 
cannot exist between the operations of two agents, one of wbich is pondera- 
ble and the other imponderable. But, tbat there is something like an 
analogy existing in the cases citad, will appear ftom statemenls which have 
been made on good antkority, namely, that there is a greater quantity of 
eleetrioity developBd by the action of a single drop of acid on a very minute 
portion of lino, than is usually brought into action in the darkest cloud that 
threads the horizon. 
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see a flash of light whenever the outer edges of the metals are in 
contact. 

1065 A faint flash may be made to appear before the eyes by 
putting a ahp of tin-foil upon the bulb of one of the eyes, a piece of 
silver in the mouth, and making a, oomniuni cation between them. 
In these eiperiments no efiect is produced bo long as the metals are 
kept apart, but, on bringing them into contact, the effeotB above 
described are produced. 

1056. It is essential in all oases to have three 
seniia! la pro- elcmenla to produce galvanic acfion. In the ex- 
duce galvanic perinients which have already been mentioned in 
the case of the frogs, the fish, the mouth and the 
eye, the moisture of the animal, or of the mouth, supplies the 
place of the acid, so that the three constituent parts of the circle 



Hov! are the 1057. The conductors of the galvanic fluji3, 

conductor' "'' 

gabyanis!. 



J, jj, like those of frictional electricity, are divided 



into the perfect and the imperfect. ]\IetalliG 
substances, plumbago and charcoal, the mineral acids and 
saline solutions, are perfect conductors. Water, oxydated 
fluids, aa the acids, and all the substances that contain these 
fluids, alcohol, ether, sulphur, oils, resins and metallic 
oxydes, are imferfect conductors. 

„„ , . , . 1058. The acid employed in the fpilvanic cir- 
Wkat hnd of , , , , «■ ■ 

acid -must he '^'"^ must always be one that has a strong amnity 
employed in for one of the metals in the circuit. When zino 
gaearium, j^ employed, sulphuric acid may ftirm one of the 
three elements, because that acid has a strong afBnitj for zinc. 
What is a law 1059. A certain quantity of electricity is altoays 
ofcliemica/ deoeloped whenever chemical action takes place 
action . between a fluid and a solid body. This is a geo- 

eral law of chemical action ; and, indeed, it has been ascertained 
that there ia so intimate a connection between electrical and 
chemical caanges, that the chemical action can proceed only to 
b certain extent, unless the electrical equilibrium, which has 
been distv-bed, be again restored. Hence, we find that in the 
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Biinple, as well as in the compound galvanic circle, tiio oxjdation 

of the zinc proceeds with activity whenever the galvanic circle 

la completed ; and tliat it ceases, or at least takes place very 

dowly, ■whenever the circuit is interrupted. 

WhatUneces- 1060. To produce any galvanic action it is 

toc3!diegal- necessavy to form what ia called a galvanic 

vanic aclion? circle ; that is, a certain order or succession of 

substances capable of exciting electricity, 

Ofwhcaisthe 1061. The simplest galvanic circle is com- 

limplesc gal- posed of three conductors, one of which muat 

be solid, and one fluid ; tbe third may be either 

solid or fluid. 



ic circle 



1062. Tlie process usually adopted for obtain- 
5 galvanic electricity is, to piac 



What is (he 
taual process . 
for oHaining 

galvanic eke- plates of different kinds of metal a fluid c; 
Iricity? (,f exerting some chemical action on one of the 

plates, while it has no action, or a different action, on the other. 
A commnnieation is then formed between the two plates. 
Exphin 1063. Pig. 156 represents a sig. iso. 

^' ' simple galvanic circle. It con- 
sists of a vessel containing a portion of 
diluted sulphuric acidi witlia plate of ainc, 
Z, and of copper, 0, immersed in it. The 
plates are separated at the bottom, and the 
oirole is completed by connecting the two 
plates on the outside of the vessel by means 
of wires. The same effect will be pro- 
duced, if, instead of using the wires, the 
metallic plates come into direct contact. 

„,, ^ , 1064. In the above ar- 

What are the 

essential parts rangement, there are three 

of a galvanic elements or essential parts, 

''*"^*- camely, the zinc, the copper, 

and the acid. The aoid, acting uhemioally upon the zinc, pro- 




duces an alteration in the electrical state of the metal. The 
ainc, communicating its natural share of the electrical fluid to 
the acid, becomes vegatively electrified. The copper, attracting 
tte same fluii firom the acid, becomes positively electrified. Any 
conducting substance, therefore, placed within the line of com- 
munication between the positive and negative points, will re- 
ceive the charge thus to be obtained. The arrows in Fig. 156 
show the direction of the current of positive electricity, namely, 
from the aiuc to the fluid, from the fluid to the copper, from 
the copper back through the wires to the zinc, passing from 
zinc to copper in tie acid, and from copper to zinc ok( of the 
acid. The substance submitted to the action of the electric ciir- 
Where m«j( a rent must be placed in the line of communication 
substanae be between the copper and the aino. The wire con- 
^jT^jj^jj.o.jj2,neoted with the copper is called the positive pole, 
vanic adion ? and that connected with the zinc the negative pole, 
and in all cases the substance submitted to galvanic action must 
be placed between tke positive and -negative poles. 

1065. The electrical effects of a simple galvanic circle, such as 
has now been described, are, in general, too feeble to be perceived, 
except by very delicate testa. The muscles of animals, especially 
those of cold-blooded animals, such as frogs, &c., the tongue, the 
eye, and other sensitive parts of the body being very easily 
affected, afford examples of the p t n f pi g 1 anio 
circles, In these, although the q nt ty f lect ty t in 
motion is exceedingly small, itjsyt fii ttj. 1 very 
considerable effects ; but it produ 1 ttl ff t i the 

most delicate electrometer. 

1066. The galvanic effects of a simple circle 
How- may gal- ° ... 

vanic action he may be mcrcased to any degree, by a repetibon 
increased? ^f ^^e same simple combination.. Such repe- 
titions constitute compound galvanic circles, and are called 
galvanic piles, or galvanic batteries, according to the moile 
in which they are constructed. 
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1067. I<> appearaatlirst viewtobea»iiigularfaGt,that,iaa simple 
galvanic circle, composed of zitio, acid and copper, tlia zinc end 
will always be negative, and the copper end positive ; while, in all 
compound ^Xvaxxifs circles composed of the aame elements, the zinc 
will be positive, and the copjer negaiive. This apparent diflarenee 
nrisos from the compouBd circle being ueually torminated bj two 
supecfluous plates. 

What is the 1068. The voltaic pile consists of alternate 
Voltaic pile? plates of two different kinds of metal, sepa- 
rated by woollen cloth, card, or some similar substance. 
Explain 1069. Fig. 157 represents a Yoltaio 
Fig. 157. pile. A voltaic pile may be con- 
structed in tbe following manner: Take a ,sl^ 
number of plates of silver, and the same num- }fm 
berof zinc, and also of woollen clotk, — tbeclotli 
having been soaked in a solution of sal ammo- 
niac in water. With these a pile is to be formed, in the following 
order, namely: a j'eoe of oilver apeoeof zinc, a piece of cloth, 
and thus repeated Tkce a e to be supported by three glass 
rods, placed perpend cularly with pieces of wood at the top and. 
bottom, and the pile w 11 then be con jkte and will afford a 
constant current of eloctne fluid through aiy conducting sub- 
stance. Thus, if one hand le applied to the lower plate, and 
the other to the upper one, a shock wil! be fait, which will be 
repeated as often as the contact is renewed. 

Instead of silver, copper plates, or plates of other metal, may 
be used in the above arrangement. The arrows in the figure 
show the course of the current of electricity in the arrangement 
of silver, sine, &c, 

1070. Voltaic piles have been constructed of layers of gold 
and silver paper. The effect of such piles remains undisturbed 
for years. With the assistance of two such piles, an approii- 
wation to perpetual motion, in a self-moving clock, has been in- 
vented by an Italian philosopher. The motion is produced by 
the attraction and repulsion of the piles exerted on a pith-ball, 
on the principle of the eleoti'ioal bells. The top of one of the 



piles was positive, and the bottom negative. The other pile was 
in an opposite state ; namely, the tpp negative, and the bottom 
positive. 

Wh I' Ihe 1071. The voltaic, or gaivanio battery, is a 

galvanic hat- combination of metallic plates, immersed in 
'^^' pairs in a 8uid which exerts a chemical action 

on one of each pair of the plates, and no action, or, at least, 
a difleient action on the othei 

What IS the 1072 The eleotritity excited by tte battery 

dir^tioti qftke proceeds from Ihe solid to the fluid, whioh acts 
current m the '^ .. m, , 

galvamc bat upon it cnem cally Thus in a battery composed 
'^y ' of ziQO diluted sulphuric acid and copper, the acid 

acts upon the zinc and not on the copper The galvanic fluid 
picoeeds therefore from the zinc to the acid from tie aoid to 
the copper &c Instead of u&m^ two diffeient metala to form 
the galvanic circuit one metal in different states, may be em- 
ploye 1 — the e«isenti il pnnciple being that one of the elements 
shall be moie powerfully affected by some chemical agent than 
the otjier. Thus, if a galvanio pair be made of the same metal, 
one part must be softer than the other (as is the ease with oast 
and rolled zino) ; or a greater amount of surface must be exposed 
to corrosion on one aide than on the other ; or a more powerful 
chemical agent be used on one side, so that a current will be 
seat from the part most corroded, through the liquid, to the part 
least corroded, whenever the poles are united, and the circuit 
thereby completed. 

Explain 1073. Fig. 158 represents rig. im. 

Fig. 158. a voltaic battery. It i 
eists of a trough made of baked wood, 
wedgewood-ware, or some other non- I 
conducting substance. It 18 divided 
into grooves, or partitions, for the re- 
ception of the aoid, or a saline solution, 
and the plates of zinc or copper (oi 
other motal) are imniorBfd by paii^ in the tcroov"- 
'2ti 
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pEura of plal^ are united by a slip of metal passing from tlie 
one and soldered to the other ' e^(h pa'r be'ntr pi d t 

enclose a partition betwee tl m 1 h 11 t, m th 

trough containing a plat i ted w th th pp 

plate of the succeeding c 1! d PP pl f J d w th th 
zinc plate of the preoedi g 11 Thes p m t mm e 
with copper and terminate w th m w th d 

terminate with copper. Jh co tit th fi t 

and last plates is made by w wl h th mpl t th gal 
vanic circuit. The aubst t b hm tt 1 1 f, 1 t n 

is placed between the pointa t th tw w 
How can a 1074. A p dbttyfg tpw 

<omf,mnd bat- obtained by t umb f t! t h 

^^er MoT Ii a simila m bitymybpd d 

tained? by uniting 1 [ 1 m k n t 11 

munication between the 1 t jl t f th 1 th fl t jl t 

of the next, and so on, taking care that the order of a 
of tbo plates in the circuit be preserved inviolate. 
Describe (ke 1075. The Couronne k^. i^^, 

Couronne des des tosses, represented in 
tasses. Yig. 159, is anotier form 

of the galyanic battery. It consists of 
a number of cups, bowls, or glasses, 
with the !sino and copper plates im- 
mersed in them, in the order represent- 
ed in tlie figure ; Z indicating the zinc, 
and G the copper plates ; the arrows denoting the course of the 
electric flaid. 

1076. The electric shock from the voltaic battery may be 
received by any number of persons, by joining hands, having 
previously wetted them. 

Describe &nee' 3 1077. Smee's G-aitanioBattbri is represented 
Battery. ia pig, 160, and affords an instance of a battery 

in its simplest form. It consists of a glass vessel (as a tumbler) 
on whteli rests the frame that supports the apparatus within 
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I WO sorew-oups nse from thq fiaii to wli h 

wiii-s may be dttaohcl for (he conveyance ol 

th& eleetno current n any direct on One of 

the screw :,up3 communi(,ates with a th n sti p 

of jlatmum oi pUtmum foil which X3 sus 

peided within the glass vessel letween two 

i lates oi zine thus presenting each smface of 

the platinum to a auifics of zinc and the gal 

vinie actjon is in proportion to the extent of the oj.j o to sui 

fices of the two metaia and their neaint^s to each othci The 

other screw cup js connected with the two z nc pi tea Tha 

crew cup onneotel with the jlatinum 11 nsulatel f om the 
■netillio frime which au] ports t hj losewood and i thumb 
screw confines the zinc plates, so that they can be lenewed when 
necessary. The liquid employed for this battery is sulj hurio 
acid, or oil of vitriol, diluted with ten parts of watei ly measure 
To prevent the action of the acid upon the zinc plates then =ui- 
faces are commonly amalgamated, or combined with mercuiy 
which prerenta any chemical action of the acid with the aintj 
until the galvanic circuit is established, when the mno is imme- 
diately attacked by the acid. 

Evplain 1073. Fig. 161 represents a series of three pairs 

Fig. 161. of this battei-j, in which it will be observed that the 

Elg. 161. 




platinum of one ia connected with the zinc of the nest, and that 
the terminal vrires proceed, consequently, one from a platinum 
plate, and the other from a zino plate, as in a single pair. 



1078. 8uLi> 
162 ropr^entf 



[B OE Copper Batti^iy; — Fig. 

sulphate of copper battery, and 

vertical section of the same battery. 



sulphate of 
copper bat- 

Figures 162 I* consists of a double cylinder of copper, C C, 
and 163. Fig. 163, with a bottom of the same metal, which 

serves tlie double purpose of a gal- 
panic plate and a vessel to contain 
the exciting aolutioa. The solu- 
tion is contained in the space be- 
tween the two copper cylinders. A 
movable cylinder of zinc, Z, is let 
down into the solution whenever 
the battery is to be used. It rests 
on tliree arms of wood or ivory at 
the top, by means of which it is in- 
sulated. Thus suspended in the 
solution, tlie surfaces of zinc and 
copper, respectively, face ea«h 
other. A screw-eup N is at 
taolied to t]ie zinc, and anolb 
er, P, to the copper cylmder 
to receive the wires When 
a communieation is made be 
tweenthetwo cups, Llectucity 
is excited. The liquid em 
ployod in this battery is i 
solution of sulphate ot opper 
(common blue vitriol) in witPi 
first made, and to this '-olution as much 

1079. A pint of water will disaolve about a (|uarter of q pound ol 
blue vitriol. The solution deeoribed above will therefore contain 
about two ounces of the salt to the pint. The addition of idcohol 
in small quantities increases the permanency of the action of the 
solution. The zinc cylinder shoala always be taken out of the solu- 
tion when the battery ia not in use ; but the solution may remain 
in the battery. The battery wilt keep in good action fcr twonlj or 
thirty miuuti's at a time. 
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1080. The sulphate of copper battery, although not so ener- 
getic as Smee's, is found very oonvenient in a large class of 
experiments, and is particularly recommended to those who are 
inexpert in the use of acids ; because the sulphate of copper, being 
entirely neutral, will not injure the color nor the texture of 
organic substances, 

Bsscrihe the ilOSl. There is another form of the sulphate of 
praiecied svl- copper battery, called the Protected Sulphate of 
phaieof cop- Copper Battery which differs from the one described 
^ ■'' in haying a porous cell of earthenware, or leather, 

interposed between the ainc and the copper, thus forming two 
cells, in tlio outer of whn,h sulphite of copper may be used, and 
in the inner one a solution of sulphate of soda (Glauber salt), 
or oUoride of sodium (common silt), or even dilute sulphuric 
acid. This battery will eontinue m use for several days, and it 
is therefore of grait ii-^e in thi, electrotype process. 

1082 GitoiES Battery. — This is the most 
, ,, energetic battery yet known, and ia the one 

most generally used for the magnetic telegraph. 
The metals employed are platinum and ainc, and the solutions 
are strong nitric acid in contact with the pla- 
tinum, and sulphuric acid diluted with ten or 
twelve parts of water in contact with the zinc. 
This battery must be used with great care, on 
account of the strength of the acids used for 
the solutions, which send out injurious fumes, 
and which are destructive to organic sub- 
stances. Fig. 164 represents Grrove's bat- 
tery. The containing vessel is glass; within 
this is a thick cylinder of amalgamated zinc, standing on short 
le^ and divided by a longitudinal opening on one side, in order 
to allow the acid to circulate freely. Inside of this is a porous 
cell of iinglazed porcelain, containing the nitric acid, and strip 
of platinum. The platinum is supported by a strip of brass 
fixed by a thumb-screw and an insulating piece of ivory to the 
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arm proceeding from the -dna cylinder. The amalgamated zino 
is not acted upon by the diluted sulphuric acid,^ until the cirouit 
of the battery is completed. But, as the nitric acid will filter 
through the porous cell, and act upon the zinc, it is advisable to 
remove the zino from the acid when the battery is to remain 
inactive. The action of Gi-ove's battery may be considered as 
throe times greater than that of the sulphate of copper battery, 
Wkal are the 1083. The spajrk from a powerful voltaic bat 
^ecls pfapow- tery acts upon and inflames gunpowder, char- 
erfiil voltaic bat- g^^i^ cotton, and other inflammable bodies, fuses 

all metals, burns up or disperses diamonds and 
othei substances on which, heat io other forms produces little or 
no effwt. 

1084. The moat striking effects of Galyanism oa the human 
frame, after death, were exhibited at Glasgow, a few years ago. 
The subject on which the experiments were made was the body of 
the murderer Clydesdale, who was hanged at%at city. Ho had 
been eospended an hour, and the Srst experiment was made in 
about ten minutes fte h was cut down. The galvanic battery 
employed consisted of 2 p rs f f r-inch plates. On the appli- 
cation of the battery t diff t p ts of the body, every muscle 
was thrown into v 1 t g t t the leg was thrown out with 

great violence, breath ^ mm d the iaeo exhibited extraordi- 
nary grimaces, and fJ fig eem d to point out the spectators. 
Many persons were II g d t 1 the room from terror or sick- 

ness ; one gentleman t ted ind me thought that the body had 
really come to life. 

Haw are the 1085. The wires, by which the circuit of the 

hands protected battery is completed, are generally covered 
w^ u^g a ^-^^ gi^gg ^^y^^^ i^ ^^^g^ that they may be 

held or directed to any substance. 
Inwhalrespects 10^6. There are three principal ciroum- 
does Ike elecirio- stances in which the electricity produced by 
Ity produced^ ^g galvanic or voltaic battery differs from 
tery differ front ^^^ obtained by the ordinary electrical ma- 
that obtain^ by chine; namely, 
the machine ? ^ j_ j rp^^ ^^^ [^^ ^^^^^^ ^f. i^f^^ty of that 

produced by the galvanic batteryj compared with that obtained 
by the machine. 
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10?7- By inteimty is here, meant something analogous to 
what is implied by density as applied to matter ; hut in the one 
case it is a poijderahle agent, in the other an imponderable, so 
that a strict analogy cannot he made out between them. The 
term density cannot bo applied to any of the imponderable 
agents, light, sound, heat or electricity. We speak of the tn- 
tensity of light, an intensity of heat, &o. Henoe, the word 
intensity ia properly applied to electricity, and we speak of its 
tension, instead of its density. 

yviuchwill de- The miatitity of electricity obtained b- -i- 
nelop the great- 



r quantity of 



action ia much greater th.ir 



eleclridly, the obtained by the machine; but it flows, as it 
g<amnicb^tery ^ere, in narrow Streams. 
or the Taaclune i 

The action of the electrical machine may be compared to amighty 

torr g ex WHS g in one leap from a precipitous 

g on m comparecl to a steady stream , 

.m n. In other words, the mo- 

ui te galvanism is less than that 

quantity, as has been stated, 

e 

2 T leotrioity which is set in mo- 

T th uT nt of voltaic electricity, and 

ts p ile this current is tending to 

W ca attery ia charged, how great 
BO t contains, the whole of the 
p IS ce as the circuit is completed, 
ta m ffi getic while it lasts, but it is 
te ke the destructive operation 
g ft ts momentary passage only sud- 
d d ia beyond human power to 
CO ary, the voltaic battery con- 
fi te to elop and supply vast quan- 
ta wh h m being lost by returning to 
tl* or P P 1 stream, and with uudimiu- 
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ished force. The effects of this .continued current on the bodicH 
subjected to its action will therefore be more definite, and will 
be constaatlj accumulating ; and their amount, in process of 
time, will be incomparably greater tiian even those of the ordi- 
nary electrical explosion. It is therefore found that changes tti 
the composition of bodies are effected by galvanism which can 
be accomplished by no other means. The science of galvanism 
therefore, has extended the field and multiplied the means ot 
investigation in the kindred sciences, especially that of Chem 

1089. A common electrical battery may be 
Howareattrao- ^^^.i^rwi'l from a voltaic battery of sufficient 
non and repul- '^ ■' 

sion manifested Size ; but a battery eonstnioted of a small nura- 
in tlie galvanic \,^^ of pairs, even though the plates are large, 
■'' famishes no indication of attraction or repul- 

sion equal to that which is given by the feeblest degree of 
esoitatioD to a piece of sealiag-was. A galvanic battery con- 
sisting of fifty pairs of plates will affect a delicate gold-leaf 
electrometer; and, with a series of one thousand pairs, even 
pith balls are made to diverge. 

1090. The effect of the voltaic pile on the 
the effect of the aiiimal body depends chiefly on the number of 
voltaic haltery plates that are employed" but the intensity of 

'^^" ■ ihe spaik anl its ehemical a^oneics increase 

more with tiie size of the plates than with their number 

1091 Galvanism explains many facta in 
Mention some of '^ ■' 

Ike familiar ef- common lite 

fects ofgalvan- Porter ale or strong beer is said to have a 
'""' peculiar taste when diunk from i pewter ves 

sel. The peculiarity of ta.,te is ciused by the gahamo circle 
formed by the pewter the beei &.0 ind the moiiture of the 
under Up. 

Works of metals the parts ot which are soldered together 
soon tarnish in the places wheie the met ils are joined 

Ancient coins composed of a mixture of metal have crura- 
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bled to pieces, while those composed of pure metal have been 
uninjured. 

The nails aud the copper in sheathing of ships' are soon 
corroded about the place of contoct. Tiiese are all the effects 
of galvanism. 

Tliere are persons who prof t b bl t find t enms in 
brass and copper vessels by th t tni wh h th y cannot 
discover ; and, by the same m n t d t ngu h th b se mis- 
tuies which abound in gold and 1 t L I 

1092 Flora what has nDW b n ttd twill en that 
the effect's of ^al\anic acton depend on two circumstances; 
namely 1st the siae of the plates employed in the circuit ; 
and 2dly the n imber of the [airs conotitut ng a battery. Bat 
there is a remaikable circumstance to be loticed in this con- 
nexion mmely thit there s one ali^s of ficts dependent on 
the estenston of the size of the plates, and 
On uhat d es ^noihei on the mcreise of the r number. The 
^^ P""*'' "■' " potjer to develop heat and jiagnetism is de- 
auce heat a id to penderrt on the n e of the plates, thai is, on the 
affect l/ieununal extent of the auifiee acted upon by the chem- 
welv dep^f ^""^ igent while the power to decompose 
chem cal compounls and to affect the animal 
system if affected in a gieater tatio by the increase of the 
number of tbe j air" 

1093 The none taloriimtor (that is, the 
Sor?"^"^' '^'"' "/-^O was applied by Dr. Hare, of 
Philadelphia,toaYerypowerfiil apparatus which 
he constructed, with large plates, and which he found posseseed 
of a very remarkable power in producing heat. Batteries con- 
structed for this purpose usually consist of from one to eight 
pairs of plates. They are made in various forms ; sometimes 
tbe sheets of copper and aino are coiled in concentric spirals, 
sometimes placed side by side ; and they may bo divided into a 
groat number of small plates, provided that all the zinc plates 
are oonnected together, and all the copper plates together, awl 
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then that the experiments are performed in a channel of com- 
munication, opened between the bbts op plates, aTid Tiot between 
PAIES, as in the common battery ; for it is immaterial whether 
one large suriace be used, or many small ones eleetricallj con- 
nected together. The effect of all these arrangements, hy which 
the metallic aurface of a single pair is augmented, ia to increase 
the quantity produced. 

1094. The galvanic or'voltaic battery is ono of tlie most valuable 
acquisilions of modfim science. It has proved in many inatoncea 
the key by which science has entered info the innermost recesses of 
nature, and disoovered the secret of many of her operations. It 
has, in great measure, lifted the hitherto impenetrable veil that haa 
concealed the mysterious workings in the material world, and has 
opened a. field lor iavestigation and discovery as inviting as it is 
houndless. It has strengthened the sight and enlarged the view of 
the philosopher and the man of science, and given a degree of cer- 
t^nty to scientific inquiry hitherto known to be unreached, and snp- 
posea to be unattainable ; and, if it has not yet satisSed the hopes 
of the alchemist, nor emiAated the gold -converting touch of Midas, 
it lias shown, almost to demonstration, that science may jet achieve 
wonders beyond the stories of mythology, and realize the familial 
adage that " truth is stranger thanjidion." 

1095. Magnetism. — Magnetism treats 

neiism '^ '^^ ^^ properties and effects of the magaet, 



1096. The term loadstone, or, more properly, loadstone, was ap- 
plied to an ore of iron in the lowest state of ozidadon, from its 
attractive properties towards iron, and its power of communicating 
its power to other masses of iron. It received the name of Magnet 
from Magnesia, in Asia Minor (now called Guzelhizar), about fif- 
teen miles from Epbesua, where its properties were first well known. 
The term magnet is now applied to those substances which, natu- 
lally or artificially, are endowed either permanently or temporarily 
with the same attractive power. 

1097. Certain ores of ii-on are found to be naturally pos- 
sessed of magnetic properties, and are therefore called natural 
or native magnets, or loadstones. Besides iron and some of the 
oompounJa, nickel, and, perhaps, cobalt, also possess magnetic, 
properties. Bat all conductors of electricity are capable of 
eierting the magnetic properties of attraction and ropulsioii 
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while conveying a current of electricity, as will be shown under 
the head of Electro-Magnetism. 

1098. That part of science which relates to the lieTelopnient of 
magnetism bv means of a current of electricity will be uutiuod un- 
der the head of Electro-MitgueClsm, in which uonnesion will aim- 
be mentioned the develupineut of electricity by maguetism, to which 
the term Magneto-Eleclnpity has been applied. 

What are the 1099. There are two kinds of magnets, 
two lands oj namely, the native or natural magnet, and 
-»""■' theartifica. 

1100. The native magnet, or loadstone, ia an ore of iron, 
found in iron mines, and has the property of attracting 
iron, and other substances which contain it. 
W/iac is a per- 1101. A permanent artificial magnet is a 
monsnt magnet, pjegg (,f {^on to which permanent magnetic 
properties have been communicated. 

Which is the 1202, por all purposes of accurate g^- 
more useful, the r r 

permanent periment, the artificial is to be preferred to 

or tl^ artificial the native magnet. 
magnet 7 ° 

1103 If a Bbaight bai of soft iron be held in a vortical posi- 
tion (01 still better, in a position slightly indined to the perpen- 
dioul-H, the loner end deviating to the north), and stmcic several 
smart blows with a hammei, it will be found to hiie acquired, 
by this prooefcB, all the propeities of a magnet, oi, in other 
words, it will become an aitificiil nngnet 

What are the 1104 The propertici of a magnet are, — 
piopcitm oj a polarity, atb action of uumagnetio iron; at- 
""^"^ tiattion avd repitlsum of magneto: iron; the 

power of communicating magnetism to other lion Besides 
the'ie properties the magnet has recently bean discovered to be 
possessed of electiioal propeities These will be considered in 
another connexion 

What 13 ikepo 1105 By the polarity of a magnet is meant 
lanty aj ama^ fte propeity of pointing or turning to the 
"'' njith jnd south puli.& Tht end which points 
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to the nortk is called the north pole of the magnet, and the 
other the south pole. 

1106. The attractiye power of a magnet is generally stated 
to be greatest at the poles ; but the actual poles, or points of 
greatest magnetic intensity, in a steel magnet, are not exactly 
at the ends, but a little within them. 

Howwittamag- ^^^'^- "^^^^ "^ magnet Is supported in 
net move when such a manner as to move freely, it will 

reeysiispe e spontaneously assume a position directed 
nearly north and south. 

1108 The points to which the poles of a 
What ere the _ ' ,, ,- , mi 
ma-'nstic poki ^ magnet turn aie the magnetic poles. These 

do not exactly u>inc!de with the astronomicoJ 

poles of the eai th but, although the value of the magnetic 

needle hio been predit-ated on the supposition that its polar 

ity ih a tendtiicy to point exactly to the north and south 

poles of the eartb, the recent disco\ery of the magnetic 

poIe«, as the points of ittnction has not depreciated the 

value of the compasi, heLiuse the itriation is known, and 

proper allowances can be mide tor such variation. 

1109 Theie ire several ways of supporting 
How are mag- ^ magnet, so is to enable it to manifest its 
nels nwporled' r, , ,■ ■ , 

polarity Iijrst, by tuspending it, accurately 

balanced, from a string Secondly, by poising it on a sharp 
point Thirdly, hj ittarhing it to some buoyant substance, and 
allowing it to float freely on watei 

of niao-netic at- HIO. Diiferent poles of magnets attract, 
traciion aad re- and Similar poles repel each other. 

There is here a close analogy between the atliaotiTe and repul- 
sive powers of the positive and tho negative forms of electricity, 
and the northern and southern polarities of the magnet. Tho same 
law obtains with regard to both ; namely, between like powers there 
is rf}iii/sion, between unliltE Ihire h allrudiun. 
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1111. A magnet, whether native or artificial, attracts iron or 
nteel which has no magnetic properties; but it botli attracts and 
repels those aubstiincea when they are magnetic ; tJiat ia the 
north pole of one magnet will attract the south pole of another, 
and the south pole of one will attract the north of another ; 
but the north pole of the one repels the north pole of the other, 
and Ihe south pole of one repela the south pole of another, 

1112. If either pole of a magnet be brought near any small 
piece of sofb iron, it will attract it. Iron Rliiigs will also adhere 
in clusters to either pole. 

To ujftol bod- 1113. A magnet may communicate its 
netic proptrttes properties to other unmagnetiaed bodies. 
mo^ easily Lom- But these properties can be generally con- 
veyed to no other substances than iron, 
nickel 01 cobalt, without the aid of electricity. 

(Joulomb has discovered that " all solid bodies are sus- 
cepitble of magnetic influence." But the " influence " 
is perceptible only by the nicest tests, and under peculiar 



What ore per- IH^- All permanent natural and artificial 
nument mag- magnets, aa well as the bodies on which they 
"*^" aet, are either iron in its pure state, or such 

compounds as contain it. 

What effect has 1115- The powers of a magnet are in- 
iheuse afatnag- creased by aetion, and are impaired and 
n onis power. ^^^^^ j^^^. ^^ j^^^ disuse. 

„, . 1116. When the two poles of a magnet are 

horse-shoe or brought together, so that the magnet resembles 
UrmgTKtJ in shape a horse-shoe, or the capital letter TJ, 
it is called a horso-shoe magnet, or a U magnet ; and it may 
he made to sustain a considerable weight, by suspending 
8ul)stances from a small iron bar, extending from one pole 
26 
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to tho other. Ttia bar ia called the keeper': A small ad- 
dition may be made to the weight every day. 

1117. Soft iron acquires th m g t p y eadily, 

and also losea it as readily ; h d d t 1 equires 

the property with difficulty, b t ta t p tly 

wi , /■ 1, 1118. When ma t I k livided. 

when a mag- each part becom a j i t m t having 
net hdi^ded? ^gti^ ^ ^^^■^ ^^d th [ 1 

This is a remarkable circum ta th t 1 part of a 

magnet appears to possess b t 1 ttl f th m t power; 
but, when a magnet is divided A h y pa a 

flumes the magnetic power, and b mes p saed h ne 

part of the north, and in the oh h h p y 

1119. The magnetic power f p d 

wholly on the surface, and is ii d p d m 

[n what d« 1120. In this r p h a g esem 

tnagnelism glance between m g mad y E 

andelearicily . . , , , , 

resemble each tricity, as has al dy n d w y 

other ? fined to the surfa e f bod I w w d 

magnetism and electricity may be a d to b 

in tho following particulars : 

(1.) Each consists of two p , m j, t d 

the resinous (or, the positive and negative) electricities ; and Ike 
northern or southern (sometimes called the Boreal and the 
Attsiral) polarity. 

(2.) In both magnetism and electricity, those of the same 
aamc repel, and those of different names attract each other. 

(3.) The laws of inductioo in both are similar. 

(4.) The influence, in botli cases (as has just been stated), 
resides at the surface, and is wholly independent of their mans. 
What effect 1121. Heat weakens, and a great degree of 
kax heal on heat destroys the power of a magnet ; but the 
(I magn . jnagnetic attraction is undiminished by the in- 
terposition of any bodies, except iron, st^icl, &o. 
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What other 1122. Electricity frequently cliangea the 

causes will af- poles of a. magaet ; and the explosion of a small 
iiy of a^ma^' quantity of gunpowder, on one of the poles, 
net? produces the same effect. Electricity, also, 

sometimes renders iron and steel magnetic, which were not 
so before the charge waa received, 

WAmisthe 1123. The effect produced by two magnets, 
Alible jnag- ^^^^ together, is much more than double that 
net? of either one i^ed alone. 

Wliatismeant 1124. When a magnet is suspended freely 
by "the dip- from its centre, the two poles will not he in 
'net, and how the same horizontal direction. This is called 
isiicantcted? the inclination or the dipping of the magnet. 
1125. The tendency of a magnetic needle to dip is corrected, 
in the mariner's and surveyor's compasses, by making the south 
enda of the needles intended for use in noithern latitudes some- 
what heavier tlian the north ends. Compass-needles, intended 
to be em[)loyed on long voyages, where great variations of lati- 
tude may be expected, are furnished with a small sliding-weight, 
by the adjusting of which the tendency to dip may be counter- 
acted. The cause of the dipping of the needle is the superior 
attraction caused by the closer proximity of the pole of the mag- 
net to the magnetic pole of the earth. In north latitude, the 
north pole of the needle dips ; in south latitude, the south pole. 
In what direc- 1126. The magnet, when suspended, does not 
lion does a invariably point exactly to tlie north and south 
.bI^ freely points, but varies a little towards the east or 
uspended ? the west, ThJH variation differs at different 
ilaces, at different seasons, and at different times in the day. 
1127. The variation of the magnetic needle from what has been 
uupposed its true polarity was a phenomenon that foi; centuries 
had bafBed the science of the philosopher to explain. Recent 
discoveries Iiave given a satisfactory explanation of tliis apparent 
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anomalj.* The earth has, in fact, four Magnetic poles, two of 
whioli are strong and two are weak. Tho strongest north pole 
is in America, — th w ak t ' \ in. The earth itself is consid- 
ered aa a magnet, o athe aa nposed in part of miignetio 
substances, so that it t n at the surface is irregular. The 
variation of the ne dl f m th t e geographical meridian is 
therefore subject to h n mo e o less irregular, t 
Whatgijl has 1128 Th f Magnetism has rendered 

M ^"^'l^ immense advantages to commerce and navigation, 
bestowed on by means of the mariner's compass. The Mari- 
namgalion J ^gj.-g Compass consists of a magnetized bar of steel. 
What IS the „ , ,, , ■ ^ -^ ° c. j ^ 

Mariner's called a Tieedle; having at its centre a cap fitted to 
Compass ? it, which is supported on a sharp-pointed pivot 

♦ Tha following atatemert has boon made In the XfatisAol IiHelligmcsr, 
oil the authority of its London correapondent : 

Mr. Fivroday, in a IMe leoture before tho Royal InBtitntioa npon tha 
Magnetio Foraea, made the following important annonncoment . 

" A Gorman aatronomer has for many years been walohing the apota on 
the auD, and daily rrmoi-ding the result. From year to year the groups of 
apots TOry. They are sometimea very nuioerona, sometimoa they are few. 
After n wbile It beeame evident that (ho variation in number followed a 
dcaoeniiing scale through five yeara, and then an asoending acala through 
five aubsoquent years, — eo that the periodicity of the variations beeame a. 
visible fact. 

" While our German friend was busy with hia groupa of sun-spota, an 
Englishman waa buay with the varialiona ofthemagnetio noodle. He, too, 
VTM a patient recorder of patient observation. On comparing hia tabular 
reaulta with Uiose of the German astronomer, he found that the variations 
of the magnotie ne-JIe Corresponded with the variations of the aun-apota, — 
that the years when the groups were at tbelr maximum, ths variations of 
the needle were at tlicir maximum, and ao on throngh their aeries. This 
relation may be ooinoident merely, or derivative ; if the latter, then do wo 
eonneot astral and l«rrestrial magnetiam, and new reauhea of solence are 
open to us." 

t This anbjeot is very ably treated in " Davia' Manilal of Magnetiam" 
(edition of ISIT), to which tho student is referred, as probably the best 
elementary treatiaa on the anbjeot that has boon publiahod. Mr. Davis is 
one oftboae soientiSo and skilful meohanioa (of whom there are not a few 
among ua) who have, as it were, forced their way into the temple of aeienae 
amid diaoonragamenia and dilGeultiea, but have deposited richer gifts on the 
altar than most of those whose eontributions were expected. Ho baa 
originated many improvements in this department of aeianea ; and his 
devotion to the anbjeot has probably rendered htm as familiar with all the 

Hr. Davis has boon suoceoded by two intelligent and akilful young men, 
Palmer and Rail, Magnetioal Inatinmont Makera, 626 Washington -street, 
Boston. They are also the agents for the aale of his works, " Tho Hook u( 
the Telegraph." and " Medioal Eleotf ioity." 
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flseil in tbe base of tlie instrument. A circular plate, or eard, 
the ciroumfference of which is divided into degrees, is attached 
to the needle, and turns with it. On an iniior circle of the card 
the thirty-two points of the mariner's compass are inscribed. 




1129. The 

mariner' 

used on land, ar* 

the card is pernii 



3 generally placed under the card of a 
that it is out of sight; but small needles, 

placed above the card, not attached to it, and 

lently fixed to the bos. 



1130. The compass is generally fitted by two seta of axes to 
an outer box, so that it always retains a horizontal position, 
even when the vessel rolls. When the artificial magnet or needle 
is kept Ihns freely suspended, so that it may turn north or south, 
the pilot, by looking at its position, can ascertain in what direc- 
tion his vessel is proceeding ; and, although the needle varies a 
little from a correct polarity, yet this variation is neither so 
great, nor so irregular, as seriously to impair its use as & guide 
to tho vessel in its course oyer the pathless deep. 
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1131. The iDventlon of the mariner's compass is usually 
ascribed to Flavio de Melfi, or Flavio Gioia, a. Neapolitan, about 
tlie year 1302. Some authorities, however, assert that it was 
brought from China by Marco Paolo, a Venetian, in 1260. The 
invention is also claimed both by the Erencli and English. 
/-ye , . 1132. The value of this discovery may be esti- 

has the mar~ "natod from the consideration that, before the use 
iner'i cam- of the compass, mariners seldom trusted themselves 
pass leen ? ^^^ ^f ^j^j^^ ^f j^^^ . ^^^ ^^^^ wahXe to make 
long or distant voyages, as they had no means to find their way 
back. This discovery enabled them to find a way where all is 
trackless ; to conduct their vessels through the mighty ocean, 
out of the sight of land; and to prosecute those discoveries, and 
perform those gallant deeds, which have immortalized the names 
of Cook, of La Perouse, Vancouver, Sir Francis Drake, Nelson, 
Parry, Franklin and others. 

Wkidipoleof 1133. The north pole of a magnet is more 
the m^ powerful in the nortberu hemisphere, or north 
powerful? of the equatorj and the south pole in the south- 
ern parts of the world. 

1134. When a piece of iron is brought sufficiently near to a 
magnet, it becomes itself a magnet ; and bars of iron that have 
stood long in a perpendicular situation are generally found to 
be magnetical. 

„ . 1135. Artificial magnets are made by apply- 

fikalmagnets ing one or more powerful magnets to' pieces of 
mads? gpfj. jpQQ. The end which is touched lyy the 

north pole becomes the south pole of the new magnet, and 
that touched by the south pole becomes the north pole. The 
magnet which is employed in magnetizing a steel bar loses 
none of iis power by being thus employed ; and, as the effect 
is increased when two or more magnets are used, with one 
magnet a number of bars may be magnetized, and then com- 
bined together ; by which means their power may be 
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indefinitely increased. Such an appat'atus is called a m.ag- 
netic magazine. 

1186. There are several methods of making artificial magnets. 
One of the most nmple and effectual consists in passing a strong 
horse-shoe magnet over bars of soft iron. 

In n k ng bar (or straight} magnets, the bars must he laid 
le ^(hw e on a flat tahle, with the marked end of one har 
aga n t he unmarked end of the next; and in making horse- 
shoe a agnets, the pieces of steel, previously bent into tiieir 
p p f m, must be laid with their ends in contact, so as to 
f n a fioTire like two capital U's, with their tops joined together, 
thu clP ; observing that the marked ends come opposite to 
tho e wb h are not marked ; and then, in either case, a strong 
h e h o magnet is to be passed, with moderate pressure, over 
the bars, taking care to let the marked end of this magnet pre- 
cede and its unmarked end follow it, and to move it constantly 
over the steel bars, so aa to enter or commence the process at a 
mark, and then to proceed to an unmarked end, and enter the 
nest bar at its marked end, and so proceed. 

After having thus passed over the bars ten or a dozen timea 
on each side, and iu the same direction as to the marks, they 
will be converted into tolerably strong and permanent magnets. 
But if, after having continued the process for some time, the 
exciting magnet be moved over the bars in a contrary direc- 
tion, or if its south pole should be permitted to precede after 
the north pole baa been first used, the previously-excited mag- 
netism will disappear, ami the bars will be found in their original 



This mode of making artiGcial magnets is likely to he wholly 
Bupetaeded by the new mode by electrical aid, which will be noticed 
in ooDoexion with Electro- magnetism. 

How is a mag- ^l^^- ^ magnetic magazine may be made by 
nelk maga- taking several horse-shoe magnets of equal size, 
mneconslrTMed? ^^^^^ ^^^^ ]^^;jjg jQ^gaeti^ed them, uniting them 
togethiir by means, of screws. 
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1138. A magnetic needle is made by fastening the steel on a 
piece of board, and drawing magnets over it from the centre 
outwards. 

1139. A horse-shoe magnet should he kept 
hars^s^e <trmed, by a small bar of iron or steel, connect- 

magnet be kept ? ing the two poles. The bar is called " tJie 
deeper." 

Interesting eiperiments may be made by a magnet, even of no 
great power, with steel or iron filings, small needles, pieces of fer- 
raginoua substJinces, and blaolt sand which containa iron. Such 
BUUstanceB may be made to assume a variety of amusing forma and 
positions by moving the magnet under the card, paper or table, on 
whioli Ihej are placed. Toys, repreaentiog fishes, fro^, nquatin 
birds, &o., which ore made to appear to bite at a hook, birds floating 
on the water, &c., are constructed on magnetic principles, and sold 
in the Shops. 

WhatisElec- 1140. Electro-magnetiam relates to- magnet- 
tro-magneitsm? ^^^ -vThich is induced by the agency of electricity. 

1141. The pas g f th t ki d f 1 t " "ty ( m ly th 
positive and th S t ) thto gh tl t lied th 1 

trie currents d th f Fl t o-ra g t pi tl 

phenomena att d th sa ur t It h 1 dy b t t d 

that from th an t w f tl gal 1 b tt y 

there isaootturtfltrtyp gf th t 

the copper, a d from th oopp t th pi t I th 1 

circle tneae art llbegt fnith dp^ 

ftom the copp b t th p d ! th b tt y th 

current of pos t I tr ty w II fl w f m th t th oopp 

and the curre t f g t It ty fl m th copp t tl 
JVom the off t prod d by 1 t ty th g t dl t 

had been couj t d by b f t pi 1 soph rs tl t 

ms^etism, o m g t tt act m caused by 

electricity. I th y 1819 Prof so CE t d t pe h 
made the gr d d y f th p w f th It rr t t 

induce ma^n tmtlusp gtn. I U agn t m 

and electricity In l i. 4. „ 
(Ersted, Mr F rad y c 

taken from a m g t a ii ii mm rce r m m 

and electricity w f lly pro d I ppeptlhd fwy 
MO, this dist g h d ph 1 ph h y b!y m t ed th 

identity of com leot ty Itai 1 tr ty m-^ t 1 Ir o- 

iW (or elect o-m g t m) h mo-el tr ty d 1 1 t c- 

Sty. The ph m h I ted 11 th i k d I i t ty 

diScr merely in degree, and the state of intensity in the action of the 
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&uid. The discoTery of Professor CErsted has been followed out by 
Ampere, who, by liis mathemiitical and experimental reseHrclies, hiiB 
presented a theory of the science lesa obno:cioue ia objeotions than 
that proposed by the professor. The discovery of OErsted was 
limited to the action of the eleotrio current on needles previously 
magnetized; it was a,ftarwards ascertained by Sir Humphrey Davy 
and M. Arago that magnetism may be developed in steel not pre- 
viously possesMng it, if the ateel te placed in the electric current. 
Both of these phflosophers, independently of eaoh other, ascertained 
that the uniting wire, becoming a magnet, attracts iron filings and 
collects sufficient to aotjuire the diameter of a common. quill; but 
the moment the connexion is broken all the filings drop off and the 
attriction diminishes with the decaying energy o7 the pile Filings 
of brass or copper or wood shavings are not attracted at all 

114J All the eSi-cti of elot-trioity and galvanism that have 
hitheitol-een desuibed have bi-en jiodueed on bodies t?iter 
posed between the extremities ot conductor', proceeding trom 
the po&itive and negative poles It was not known until the 
discoveries of Profi-aaor CErsted were made that any effe:,t 
couH be produced when tho electric uicuif is unintetrupted 
Tl/ tf;t}te It will presently be seen that this constitutes the 
f ffTfaue be gii^at distinction between eleotncity and elei^tro 
/ rlu and magiiLtisffl namely thit one desLribi,s the effect 

tro la^ of eler'tnuty when tntermpted in its course and 
neiism ? ^j^^j ^^^ ^^^^^ ^^^^ especially explains the effect of 

an uninterrupted current of electricity. 

What are Ike 1143. The principal facts in connexion with the 
&fek^ ^=^"<* of oloctro-magnetism are, - 
tro-magnet- (1.) That the electrical current, passing umnter. 

ism? ruptedly through a wire connecting the two ends 

of a galvanic battery, produces an effect upon the magnetio 
needle. 

(2.) That electricity will induce magnetism, 

(3.) That a magnet, or a magnetic magazine, will induce 
electricity. 

(4.) That the combined aetion of electricity and magnetism, 
as described in this science, produces a rotatory motion of cer- 
tain kinds of bodies, in a direction pointed out by certain laws. 

(5.) That the puriodioal vuriation of the magnetic needle 
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from the true meridian, or, in otlier words, tlie variatioii of the 
compass, is caused by the inflnenee of the electric currents. 

(6.) That tbe magnetic influence ia not confined t« iron, steel, 
&c., but that most metals, and many other substances, may be 
converted into temporary magnets by electrical action. 

(7.) That the magnetic attraction of iron, steel, &c., may bo 
prodigiously increased by electrical agency. 

(8.) That the directitm of the electric current may, in all 



(9.) That magnetism ia produced whenever concentrated elec- 
tricity ia passed through space, 

(10.) That while in common electrical and magnetic attrac- 
tions and repulsions those of'the same name are mutually 
repulsive, and those of different names attract each other, ia 
tie attractions and repulsions o? electric currents it is precisely 
the reverse, the repulsion taking place only wh.en the wires are 
BO situated that the currents are in opposite direction. 

The consideration of the subject of electricity induced by 
magnetism properly belongs to the subject of Magneto-elec- 
tricity, in which connexion it will be particularly noticed. 
Hoto is the 1144. The direction of the electric curi-ent is 

^^if" ascertained by means of the magnetic needle. If 
electricity a sheet of paper be placed over a horse-shoe mag- 
ascerlained? ^^t^ ^nd fine black sand, or Steel filings, be dropped 
loosely on the paper, the particles will be disposed to arrange 
themselves in a regular order, and in the direction of curve lines. 
This is, undoubtedly, the efi'ect of some influence, whether that 
of electricity, or of magnetism alone, is not materia! at present 
to decide. 
How will a 1145. A magnet freely suspended teiid^ 

itsey in relation direction of a current of electricity passing 
(y /he eledrical „ „ it 
titrrent J °^^ "■ 

1140. If a wire, which comieots Q\e estreinities of a voltaic 
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battery, be brouglit over and parallel with a magnetic needle at 
rest, or with its poles properly directed north and eoutii, that 
end of the needle next to the negative pole of the battery will 
move towards the west, wliether the wire be on one side of the 
needle or the other, provided only that it be parallel with it. 

1147. Again, if the connecting wire be lowered on either side 
of the needle, so as to be in the horizontal plane in which the 
needle should move, it will not move in tbat plane, but will have 
a tendency to revolve in a vertical direction; in which, however, 
it will he prevented from moving, in consequence of the attrac- 
tion of the earth, and the manner in which it is suspended. 
When the wire ia to the east of tie needle, the pole nearest to 
the negative extremity of the battery will be elevated ; and 
when it is on the west dde, that pole will be depressed. 

1148. If the connecting wire be placed below the plane in 
which the needle moves, and parallel with it, the pole of the 
needle nest to the negative end' of the wire will move towards 
the east, and the attractions and repulsions will bo the reverse 
of those observed in the former case. 

How does the ^^^^- "^^^ ^''*'°" °^ ^^'^ conducting-wire in 

etedro-magnetic these oases exhibits a remarkable peculiarity. 
current actl ^\ other known forces eserted between two 

points act in the direction of a straight line connecting these 
points, and such is the case with electric and magnetic actions, 
separately considered ; but the electric current exerts its mag- 
netic influence laterally, at right angles to its own course. Nor 
does the magnetic pole move either directly towards or diieetly 
from the conducting-wire, but tends to revolve around it without 
changing its distance. Hence the force must be considered as 
acting in the direction of a tangent to the circle in which the 
magnetic pole would move. 

What ^ai has 1150. The two sides of an unmagnetized 
tery on unmag- ^"^^ needle will become endued with the 
neiixedsted! north and south polarity, if the needle 1* 
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placed parallel with the connecting wire of a voltaic batt«rj, 
and nearly or quite in contact with it. But, if the needle 
be placed at right angles with the connecting wire, it will 
become permanentlj magnetic ; one of ita extremities point- 
ing to the north pole and the other to the south, when it is 
freely suspended and suffered to vibrate undisturbed. 
To vihac Tiiuy 1151, Magnetism may be communicat«d 
™ommv.nkated ^ ^"^0^ ^'^ s'*®' ^7 means of electricity 
hy the voltaic from an electrical machine ; but the effect 
whS^istke pro- '^'^ ^^ ^^"^^ conveniently produced by means 
cess called? of the voltaic battery. This phenomenon is 
called electro-magnetic induction. 

What is a 1152, A HeUx is a spiral line, or a line wound 
Helix J into the shape of a cork-screw. 



bar of steel be enclosed within the helix, on 
with the battery t applying the conducting-wires of the battery 
to the extremities of the helix, the steel bar will immediately 
become magnetic. The electricity from a common electrical 
machine, when passed through the helix, will produce the 
same effect. 

, . , , , 1154. The wire which forma the helix should 
And what must 

first he done be coatod with some non-oon ducting subatance, 
with the viire of g^Qf^ ^g silk wound around it; aa it may then 
be formed into close coila, without suffering the 
electric fluids to pass from surface to surface, which would im- 
pair ita effect. 

1155. If auch a helix be so placed that it may move freely, 
as when made to float on a basin of water, It will be attracted 
and repelled by the opposite poles of a. common magnet. 

1156. If a magnetic needle be surrounded by coiled wire, 
covered with silk, a very niinuto portion of electricity tlirough 
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the wire will cause the needle to deviate from ita proper 
direction. 

Wat'ttt' Elec l^^'^- A needle thus prepared is called an 
tr"-magii'lk Electro -magnetic Multiplier. It is, in fact, a 
MuUipher' y^j.y delicate electroscope, or rather galoanom- 

eter, capable of pointing out the direction of tlie electric cur- 
rent in all case,'". 

1158. Among the most remarkable of the 
by the Electro- ^^^^ connected with the science of electro- 
magnetic Sola- magnetism is what is called the Electro- 
""" magnetic Rotation. Any wire through 

which a current of electricity is passing has a tendency to 
revolve around a magnetic pole in a plane perpendicular to 
the current, and that without reference to the axis of the 
magnet the pole of which is used. In like manner a mag- 
netic pole has a tendency to revolve around such a wire. 

1159. Suppose the wire perpendicular, ita upper end posi- 
tive, or attached to the positive pole of the voltaic battery, and 
its lower end negative; and let the centre of a watch-dial rep- 
resent the magnetic pole ; if it be a north pole, the wire will 
rotate round it in the direction that the bands move ; if it be a 
south pole, the motion will be in the opposite direction. From 
these two, the motions which would take place if the wire were 
inverted, or the pole changed, or made to move, may be readily 
asoertained, since the relation now pointed out remains constant. 
1160. Fig. 166 represents the ingenious ap- 
^/am Fig. paratus, invented by Mr. Faraday, to illustrate 
the electro-magnetio rotation. The central pil- 
lar supports a piece of thick copper wire, which, on the one 
side, dips into the mercury contained in a small glass cup a. 
To a pin at the bottom of this cup a small cylindrical magnet 
is attaohad by a thread, so that one pole shall rise a little above 
the surface of the mercury, and be at liberty to move around 
the wire, The bottom of the cup is perforated, and has a cop- 
27 
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per pin passing through it, wbioh, touoliiiig the mercury on the 
inside, is also ia contact with the wire tliat proceeds outwards, 
on that side of tho in- ^'"' ^^** 

strument. Oa tho other 
side of the instrument b, 
the thick copper wire. 
Boon aftei turning down, 
terminates, but s, thinner 
pieoe of wire forms a 
communicition between 
it and the meicury < 
the cup beneath 
freedom of motion ] 

gariled in the nire, it is made to oommimioate with the & 
bj a hall anil 'lotket-ioint, the ball being held in the socket bj 
a thiead , or else the ends are bent into hooks, and the one is 
th.en hooked to the other. As good metallic contact is required, 
the parts should be amalgamated, and a small drop of mercury 
placed between them ; the lower ends of the wire should also be 
amalgamated. Beneath the han^ng wire a small circular mag- 
net ia fixed in the socket of the cup b, so that one of its poles 
ia a little above the mercury. As in the former cup, a metallic 
connexion ia made through the bottom, from the mercury to the 
external wire. 

If now the poles of a battery be connected with the horizon- 
tal external wires c c, the curiient of electricity wiO be through 
the mercury and the horizontal wire, on the pillar which con- 
nects them, and it will now be found that the movable part of 
the wire will rotate around the magnetic pole in the cup b, and 
the magngtic pole round the fixed wire in the other cup a, in the 
direction before mentioned. 

By using a very delicate apparatus, the magnetic pole of the 
earth may be made to put the wire in motion. 

Ea^ban Fig. 1161. Fig. 167 represents another ingenious 

167- contrivance, invented by M. Ampere, for illus- 
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trating tlio elecko-magnetic rotation; and it has tlie advantage 
of compriBiDg witliin itself the voltaic combination which is 
employed. It consists of a ojlinder of copper ^^^ ^^^ 

ahout two inches high, and a little leas than two 
inches internal diameter, within which is a small 
cylinder, about one inch in diameter. The two 
cylinders are connected together by a bottom, 
having an aperture in its centre the size of the 
smaller cylinder, leaving a circular cell, which 
may be filled with acid. A piece of strong cop- 
per wire 13 fastened across the top of the inner 
cylinder; and from the middle of it rises, at a 
right angle, a piece of copper wire, supporting a 
very small metal cup, containing a few globules of mercury. A 
cylinder of zinc, open at each end, and about an inch and a 
quarter in diameter, completes the voltaic combination. To the 
latter cylinder a wire, bent like an inverted V, is soldered at 
opposite 'sides ; and in the bend of this wire a metallic point ia 
fised, which, when inserted in the little cup of mercury, sus- 
pends the zinc Lylmlei in the cell and allows it <i free circular 
mDtinn ^n additional pomt is diieoted downwards from the 
central part ot the stronger wire which joint is adapted to a 
■imill hole at the top of a poweiful lar magnet. When the 
ifpaiatua with one point only is chaiged with d luted acid, and 
SPt on the magnet placed veitically the zinc cylinder revolves 
in a direction determined by the magnetic pole which is upper- 
most. With two points, the copper revolves in one direction 
and the zinc in a contrary direction, 

1162. If, instead of a bar magnet, a horao-shoe magnet be 
employed, with an apparatus on each pole similar to that which 
has DOW been described, the cylinders io each will i-evolye in 
opposite directioBs. The small cups of mercury mentioned in 
the preceding description are sometimes omitted, and the points 
are inserted in an indentation on the inverted U.* 

* Tlie pheDumenon of el^ctro-magQetio cutatiou is be»utifuli; llluutmtcd 
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1163. The magnetizing power of the coii- 
Soie is the mag- i , . - » i , .1 

neiizing p<,wer ducting wjres of a battery is very greatly 
of the battery in- increased by coiling it into a helix, into 
which the body to be magnetized may be in- 
serted. A single circular , turn is more efficient than a 
straight wire, and each turn adds to the power within a 
certain limit, whether the- whole forma a single layer, or 
whether each successive turn encloses the previous one. 
How is a helix 'i-'^-^i- "When a helix of great power is 
of great power required, it is composed of several layers of 
obiamed? ^j^.^ ^j^^ ^j^.^ j-Qj^j^g the coil must be 

insulated by being wound with cotton, to prevent any lat- 
eral passage of the current. 

1165. Fig. 168 represents a helix on a stand, 
^p/am Fig. ^ (j^j. ^^ ^^^ ;j.^jj^ jj g_ ^g[^g pi^jjg^j ^^j^jjj^ 

the helix, is connected with the hatt«ry by 




!)jr Mr. Oavia, in his treatise on Magaetism, to which reforenCB has nii-ot 
been made. Ha has invented and prepared a great Tariety of ingenii 
oontrivftiioeB for tlie illustration of this Bubjoot, and his book should be 
the hands of ail who desire a thorongh aoqoaintanoe vith all that ha^ bi 
disoorprcd iu the new dopftr 
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means of the screw cups on the base of tli sfind The two 
estiem tiea of the bir instaiitiy become stiongly najjnetie, and 
keys or p eces of hod iroi fil nga niils &o will be held up 
so long as the connexion with the bitterj la "sustained But, so 
soott na the oonn(,sion is bioken the bai lo'ies its magnetio 
power md the 'Juspenled aiticli^wiU f^ll The lar can be 
made ilternitely to take up and drop such magnetizable articlea 
as ore brought neir it is the connexion with the bittery is 
mido or bioken 

llbb A steel bar pla(,od with n the hel -^ loi^u res the polar- 
ity less readily but letins it after the conncs on 11 broken. 
Small rods or birs of steel nee lies to ma^ be made perma- 
nent n i^nets in th s way 

1167 A bar teraponnly magnetized by 
/ru-mon-nA ? ' ^^ electric current ia called an Electro- 
magnet. 
1168. To ascertain the poles of an elec- 
af^an'ekctro- tro-magnet, it must be observed that the 
tmgnct be dis- north pole will be at the furthest end of 
cnnana e . ^j^^ helix when the current circulates in 

the directwn of the hatids of a watch. 

1169 Magnets of prodigious power have been formed by 
means of voltaic electricity. 

What was the '1170. An electro-magnet was constructed by 
foii-cT of ihe Professor Henry and Dr. Ten Eyck which was 
^'^ "' p bl f pp rt g w ht t 50 p d 

Prf^ y '' Th y h h q tly tru t d I 

and Br T wb h will ust 063 p d It t f 

^■''■- h f tt b t to fl f m f 

ho h d d w th tw ty t d f pt b II 

wu d w III tt ti d h th y-o f t 1 

ab t ^1 te hes f tl da 1 ft p j t g th t 

only tw ty ght f t f 1 t lly d h ir Th 

aggr gtlgthflh I thf 6ftEhti 

27* 
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is wound on a little less than an inoli ; in tiie middle of the 
horseshoe it forma three thicknesses of wire ; and on the ends, 
or near the poles, it is wound so as to form sis thicknases. Be- 
ing eonneeted with a batterj consisting of plates, containing a 
little less than forty-eight square feet of surface, the '!>5gnet 
supported the prodigious weight stated aho¥e, nameb '>'lfi3 
pounds. 

1171. He- Fig. iM. 

£^M« Fig. (.i^calRing. 
Fig.169 rep- 
resents a heliacal ring, or ring 
of wire bent in the form of a 
helix, with the ends of the 
wire left free to be inserted 
in the screw-cups of a bat- 
tery. Two setiiicircular pieces 
of soft unmagnetized iron, 
furnished with rings, — the 
upper one for the hand, the 
lower one for weights,— 
to be inserte 




into the hejis, in the i 
of the links of a chain. As 
soon-as the ends of the helix 
are inserted into the screw- 
cups of the batt«ry, the rings will be held together, with great 
force, by magnetic attraction. 

1172. That the attraction is caused, or that the niagnetiem is in- 
duced, by the circulation of electricity around the coiis, may be 
prOTfld by the following interesting esperiment. Hold the heliacal 
ring horizontally over a pkte of small niulH, and suspend an unomg- 
netined bar perpendicularly on the ouiside of the ring, over tlio nftils, 
and there will be no attraction. Suspend the bar perpeiidicularly 
through the heliz) and the nails will all attach themselves to it in 
the form of tangents to the circles formed by the coils of the helia- 
cal ring. 

1173. Commutvkaiion of Magnetism to Steel 









by the Electro-magnet. — Bare of the U form 



ELECTEO-MAGNETIO TELEGRAPH, iilU 

most readil are most real y n g e zel by Ir w ng ttem 
'''*^' from he lend to the ext em t es a ru s the 

polta of the U electro mag n b cl a way ha 1 otl hal es 
of the bar may p b at the same t me over ! e po e to wh h 
they are apj 1 ed Tl ahoul 1 1 e r peated several t a es reco! 
leeting always to draw be b r tho saa e d re t on 

11 4 P J. 170 rep esent^ the U e e tro 

E^lain Fig ^^^ et w h bar o be magn t zed "\^ hen 

t ba fc h k boti u f oessloudbe li™ 

across the ele t o na^ e keep a^ 1 alf a[ pi ed to the 

game pole. 1 reno e the ii,n t t a o ly nee a y to 




11 -i T 
0«j!uufund _p ^ ^ J 1 j^ h w 1 

menial prm pi '^ 

is Ike E^ec f h leot ig t p w t w 11 

Telegrapk dlvbp dthtLtt cab 

conslrucled , . ,11. 

m d t plj by b I, ^ to 

contact with th It d tl t tl f b 

Stantly arr t d t p by m vi g th w f ni tb 

contact ; in tb w d th t by CO t d d 

a helix with bttey pd^uspW b 1 

* The nord Idegrapk is compouadBd of tiro Qreek words, jiiXr {tdi), Etg- 
niffing at a diilana, and y[tiiifo (gmpho), to write, (bat ia, to sigoil^ or M 
write at a distanos. Tha word leleatnpt is aaolh^i eompouad or Clie word 
iijli with the word BKuxtei (scopw), to see, — an instrutaetit to see at a dk- 
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BiTcly to act and cease to aot Advantage has been'takeu of 
this jiiiiiciple in the oonstrnction of the American electro-mag- 
netic telegriph, which was matured by Professor Morse, and 
first put into operation between the cities of Baltimore and 

Washington, in lSi4.* It was not, however, 
ies rendered the ^^^^ Professor Henry, of Princeton, New Jer- 
magnetic tele- sey, had discovered the mode of construoting 
graph possible? ^^^ powerful electro-magnets which have been 
noticed, that this form of the telegraph became possible. 

1176, The principles of its construction may 
E^lain the man- ^^ ^^^^ gj^^gj ^ follows : 
ner m viluch the •' 

eUaric telegraph An electro -magnet is so arranged with its 
performs its armature that when tlie armature is attracted 

it communicates its motion to a lever, to which 
a blunt point is attached, which marks a narrow strip of paper, 
drawn under it by machinery resembling clock-work, whenever 
the eleeti-o-magnet is ia action. When the electro-magnet ceases 
to act, the armature fails, and, coiiiinunicating its motion to the 
lever, the blunt point is removed iVuin its contact with the paper. 
By this means, if one of the wires from the battery is attached 
to the screw-cup, whenever the other wire is attached to tlie 
remaining cup the armature is powerfully attracted by the 
magnet, and the point on the lever presses the paper into the 
groove of a roller, thereby making an indentation on the paper, 
corresponding in length to the time during which the contact 
with the battery ia maintained, the paper being drawn slowly 
under the roller. 

1177. In the construction of the electric tele- 

What is the gj^ph the first object of consideration is the devel- 

ekclric tele- opment of the agent. The agent is the electric 

IfraphJ fluid, which is brought into action by a powerful 

battery. 

• For a particular deaoription of tliis wonderful inTention, the Eludent is 
refeiTBd to Davis' treatise on Magnetism, in niiloh the ports are all de- 
Boribed irith a minuteness which leaves little more to bo desired. The 
history, also, of the suooesslve steps bj wliioh it was brought to its preseut 
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Fig. 171 represents a battery composed of 

^pMn Fig. ^^^^^^ ^^^^ ^^ ^^^ principle of Grove'a battery, 

each cup containing a tliick cylinder of zinc, 

with a porous cell, two acids, and a strip of platinum, as 

described in Fig. 1 64. The chemical action of the acids on the 






Iw 'i. 



3 generates a powerful ( 
sw-oups at A B. 



ri'ent of eleetriaity towards the 



1178. The second step in the construction ot 
F^'plain Fig. ^^^ telegraph is represented by Fig. 172. The 
wires from the battery represented in Fig. 171 
are carried to the &cicw-cup3 in the apparatus represented by 
Fig. 172, called the sig- 
nal-key, A to A and B 
to B, respectively It 
will be ob>ened that the 
cups of the signal-key are 
insulated, and that the 
electric fluid oanfini'sh its 
circuit only when the fin- 
ger depre>!ses the Inob 
and makes it come m con- 
tact with the metallic strip below, thus forming ii i.ommuni:,ation 
between the '-orew-oups The signal-key thus regulates the com- 
pletion of the circuit, and the flow of the current of electricity, 
nt the will of the operator 
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1179. The signal-key it made in several 
S^^in Fig. f^^^ ^^ jj,g different telegrapka, and in Fig. 

173 is represented in its more perfect eonHtruo 
tion. It consists of a lever, mounted on a horizontal asis, with 
a knob of ivory for tiie hand at tlie estreniity of the long arm, 
whioh ia at the left in 
the cut. This lover is 
thrown up by a spring, 
ao as to avoid contact 
with the button on the 
frame below, except when 
the lever is depressed for 
tie purpose of com- 
pleting the circuit A regulating screw ia seen at the extremity 
of the short arm of the lever, which graduates precisely the 
amount of motion of which it is at any time auaceptible. 

1180. The third and last part of the tele- 
ExpJain Fig. gp-iph is the registermg apparatus, represented 

in Fig. 174. 
Here are two' scrcw-oups for the insertion of the wires from 
a distant battery A on n the shape of a U magnet stands 





at the left of the screw cup^ eacl ar n of vl 1 surrounded 
by a helix or coil of wire the endsof wh ch pass gdownthrough 
the stand, are connected below w tl he acre v c ps It w II 
then be seen -that when tl e s g al key a depresied tl e e ect 
circuit is completed a d that tie eleotr c ty pai, ng thiough 
the coils of wire, endors the U hape 1 o h Lhly n igne e 



TELKGEAPH. 




824 KATUKAL PHILOSOPHY. 

and it attracts tlie armature down. Tbe armature is fised to 
tlie ehorter arm of a ICTer, and when the shorter arm is attracted 
down, the longer arm, with a point affised, is forced upward and 
makes an indentation upon a strip of paper. The length of the 
indentation on the paper wiil depend on the length of time that 
the signal-key is depressed. When the signal-key is permitted 
again to rise, the electi-ic current is broken, the "U-shaped iron 
ceases to be a magnet, and, the armature heing no longer 
attracted, the weight of the longer aim will cause that arm to 
fall, and no mark is made on the paper. 

"When the telegraph was first constructed, it was thought nec- 
essary to have two wires in order to form the circuit. It haa 
since been found that the earth itself will serve for one-half the 
circuit, and that one wire will alone be necessary to perfoim the 
work of the telegraph. 

1180. Fig. 175 represents the manner in which 



I^mn Fig. ^[jg electric telegraph is put into operatioi 

the left of the figure is seen the operator, with 
the battery at hb feet and his finger on the signal-key. Erom 
one screw-cup of the battery extends a wii'e wh^ch traverses 
the whole distance between two cities, elevated on posts for 
security. In the distant city the wire reaches another screw- 
cup to which it is attached, while from another acrew-eup at the 
same station another wire is attached, which extends back to the 
operator first mentioned. The depression of the sigpal-key 
forms a connexion between the two poles of the battery by 
means of the wire, and the fluid will traverse the whole distance 
between the two stations in pi-eferenee to leaping over the space 
between the two screw-cups. The right of the figure represents 
the receiver of the information, reading the message which has 
thus been imprinted by the point. 

1182. In the preceding figures the mere out- 

Erplam Fig: y^^^^ j^^^.^ ^^^^^ given, in order that they may 

be distinctly understood. To present the strip 

of paper so that it may readilj^ receive the impression, addi- 
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Uonai machinery becomes necesairj The complete it^i'sterin 
luaehine is shown in Fig. 176 in which b ri,pre tuts a laij 




spool on wtioli the paper is wound, and clock-work with rollers, 
to give the paper a steady motion toward the point by wh'cli the 
marks are to be made. A bell is sometimes added, which is 
struck by a hammer when the lever first begins to mo»e, in 
order to draw the attention of the operator. 

1183. It will be recollected that this form of the magnetic 
telegraph is familiarly known as Morse's, the machine mi.king 
nothing but straight mUrks on the slip of paper. Eut these 
straight marks may be made long or short, at the pleasure of the 
operator. If the key be pressed down and instantly be per- 
mitted to rise, it will make a short line, not longer than a 
hyphen. By means of a conventional alphabet, in which the let- 
ters are expressed by the repetition and combination of mjvks 
varying in length, any message may be conveniently spelt out, 
so as to be distinctly understood at the distant station. T'--'u& 
are the essential features of 'Morse's Telegrapli. 
28 
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1134. It is neoessarv, in loog lineB of telegraphs, to oomljine the 
effects of several batteries to supply the loss of power in tnivevsing 
iong uireuita. This is done by fociU butteries or relays, as they are 
sometiiOBS called, familiarly known in oonnesion with Morse's tele- 
graph. The use of the relays msj be dispensed with by inoveasing 
the power of the battel^, or distributing it in groups along the line. 
It is sometimes divided by airanging one-half nt each end of the 
line. For every twenty miles an aSditiou of one of Grove's pint 
cups should be made. The espenae of acids for each cup for two 
days does not much exceed one cent. For a line of telegraph 
eitending atound the earth, twelve hundred Grove's cups would. b6 
required, distributed at equal distances, fifty in a group. 

1185, Bain's Telbbbaph. — ^he telegraph known by the 
name of Bain's telegraph, the simplest now in use, differs from 
Morse's principally ia its mode of registering. It performs its 
work by the decomposition of a saline solution. The pen or 
point is stationary. A circular tablet, moved by clock-work, 
under the point, receives the point in concentric grooves, and 
tke writing is arranged in spiral lines, occupying but little 

Beptain ^^g- 1'^''' reprraenta Bain's telegraph. The pen- 
P>S- 1T7. holder is connected with the positive wire of the 
battsry, and the tablet with the negative. The circuit is eom- 
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pleted by paper moieteDed. with, a solution of the yellow prus- 
aiate of potash, acidulated with nitric or sulphuric acid. The 
pen-wire is of iron. When the circuit ia completed, the solution 
attacks the pen, dissolves a portion of its iron, and forms the 
color known as Ptuaaian bloe, which stains the paper. The 
alphabet used by this line is the same in principle as that used 
in the telegraph of Morse. The advantage of this telegraph 
consists in the rapidity with which the disks at both ends are 
made to revolve, by which a message may be oommunicated at 
the rate of a thousand letters in a minute. 
Explain 1186. The 

Fig. 178. CO?; commonly 
used in connexion with 
Bain's telegraph is rep- 
resented in Fig. 178. It 
consists of a U magnet, 
each arm Sttrrounded 
a helix of wires, which, 
when the current passes, 
causes the armature to 
be attracted and give mo- 
tion to machinery, by 
which a bell or a dass is 



rung. 

Explain 1187. Fig. 

Jug-. 179. 179 represents the receiving 

lorm. The armature is 

mounted on an upright 

bar, directly before the 

poles of the U magnet, 

which is surrounded by 

many coils of insulated 

wire. In this magnet 

the points of contact are 

prescwed from oxidation 

by the use of platinum. 
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1138, House's Pbinhko Telbqeaph. — This telegrapt differs 
from the other principally in its printing with great rapidity 
the letters which form the message. 

Explain 1189. Fig. 180 represents the mechanical part of 
Fig. 180. House's telegraph. The operator aits at a key-board, 
Bimilar to that of a pianoforte or organ, and, by depressing a 




key, the letter corresponding with the key ia made to appear at 
a little window at the top of the instrument while it is at the 
same time printed on a stnp of paper bebw The principle by 
which, this exceedingly ingenious operation is peifoimed la 
Bimply this A given number of electrical impuhes lie given 
for each letter These impulses give motion to i wheel, &o ttit 
on the depression of a key the oiiouit will be broken it precisely 
the pomt whioh corresponds with the letter The machinery 
by which this la efiected is neces^aiily complicated, and it fills 
not within the province of this work to go further into tlie 
explanation The whole piocesa is descnbed m Dd-vis' Hook of 
the Telegraph, to which this volume Ls indebted for most of the 
particulars which have been given m relation to the subject. 



ELECTEO-MARNETrO TELERTf A PH. 0/9 

The fDllowing hiatory of the eleotrio telograpli in tbia country is eitrauted 
from the Pmltmd AdvertUtr, aad deserves a plaoa in tliis looneijun : 

" The eleotrio telegrapli, being uaod Bolelj for tie oonveyaoeo of neirs 
and oommaoioations, is so intimately ooniiBCteil with posM and post-offices, 
^hal a briof sketch of its rapid progress in the United States is here giren. 

" It is til American lugeauity that we oWe the practical application of 
the magnetic telegraph toe the pur^se of cemmunioatioD betvieen distant 
points, nnd it has been parfeeted and improved mainly by Anierlooa science 
and skill. While the honor is due to Professor Morse for the ptooSioal 
application and snceessful proseontion of the telegraph, it is mainly owing 
to the researches and discoveries of Professor Henry, and other scientifie 
Americans, that he was enabled to peHbot so Taluable an inrerition. 

"The first attotopt which was made to render electricity available for 
the tronSQjiasion of signals, of which we have any aoeount, woa that of 
Lesage, a Fi'enehman, in Yili. Prom that time to the present there have 
been numei-ons inventions and experiments to elTcot this object ; and, from 
iSliO to 185U, there were no less than sixty-three claimants for diB'orent 
varieties of telegraphs. We will direct attention only to those of Morse, 
Bain and House, they being the only kinds used in this oountry. 

" ]>uriog the siimmet of 1832, Professor S. S. B. Morse, an American, con- 
ceived Che idea of an electvie or electro'magnetie telegraph, and, after 
numerous oxperimenis, announced his invention to the public in April, 1837. 

" On the iOth of March, 18S7, Hon. Levi Woodbury, then Secretary of 
the Treasury, issued a circular requesting information in regard to the 
propriety of establiehing a system of telegraphs for the United States, to 
whioh Proifessor Morse wplied, giving an aeoount of his invention, its pro- 
posed advantages and probable expense. At that time * he presumed dve 

" In 1838, the Ameriean Institute reported that Morse oould tolegraph 

snob words are telegraphed in tno minutes. 

'• In 18i4, Congress built an experimental line from Baltimore to Wash- 
ington, to test its praotioal operation. That line was soon continued on to 
Philadelphia and New 'Sork, and reached Boston the following year. Two 
branches diverge from this line, one from Philadelphia to St. Louis, 1000 
miles, the other from Kaw York, lia Buffalo, to Milwaukie, 1300 milea 
long. One also, 1400 miles in length, goes from BuEalo to Lockport, and 
from theneo tJirougb Canada to Halilax, N. S., whence there is a continuous 
line through Portland to Boston. The great Sontiiern line, from Washing- 
ton to New Orleans, is I70U miles Long. Anotjier, 1200 miles, running to 
New Orleans from Cleveland, Ohio, via Cincinnati. The best paying line, 
it Is said, is that between Washington and New York, whioh, during six 
months of last year, transmitted 154,514 messages, valued at SliS,40» ; and 
the receipts for the year ending July, 1S52, were tl03,0<!0. Tbe average 
performanee of the Morse instruments is from 8U0O to 9000 letters per 
honr. The cost of construotion, including wire, posts, labor, Ac., is about 
$150 per mile. The Bain telegraph extends in the United Stales 2012 
miles, and House's 2400 miles, making a total, with Morse's, of 89 lines, 
embracing 16,7ia miles. At how many way stations the magnetic ourrent 

tJian nine years, from a feeble beginning, under the fostering aid of govern- 



'erence of longitude in their favor, actually receive nc 
>oner by the oluok than it is sent. Wh&n the Atlanl' 
urn voyage from Liverpool, a brief aeoount of the n 

28* 
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telegraplitd W New Orleans at a few minutes «Jler noon (New York time), 
and rcaeliei its dealioation at a few minuleB btfori noon (New Orleans 
time), and was published in the evening papers ef bulh citieB at the same 
hour. This ia now a dail; ocaun'snee. 

" Through its instramentalitj (we mean no pun) Webster's death hm 
simnltiiQaDUBt}' mnde known throughuut the length and breadth of onr 
land, and the next morning the puipits from Maine to New Orleans were 
echoing in eulugiaa to his gceatneea, and moorning bia departure. 

" The great extent of the telegraph buRlneas, and ita unportance io the 
ooBimunitj, is ahown hy a atntement of the amount paid for despatohea bj 
tlie aasoaistad press of New Voric, compoaed of the seven piloelpal morning 
papers, — the Cuaritr and Jfjiyiiirer, Hibunc, Herald, J<nanal of Cirminnrce, 
Sim, Times and Express. Dnring the year ending November 1, 1852, 
these papera paid nearly e5D,UU0 fur daapalchea, and about $14,000 
for special and exclusive messOigen, not included in the expensea of the 
assoeiotion. 

" The didei'ence between Morae's and House's telegraph is, prinoipally, 
that the Bi'st trausa at the diatant end what is marked at the other ; while 
Houae'a docs not traoa at oither enil, but makes a signal of a letter at the 
dititantend whleh has been tuule at the other, and thus, by new maabiuery, 
and a new power of air and axiol magnetism, is onablod to print the aifjnal 
letter at the last end, and this at the astonishing rate of sixly or seventy 
atrokea or brakes in a second, and at onoa records the information, by ita 
achinery, in printed letters. Morse's is less oomplio! ' 
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1190. The Elkctkical FtRi Alarm. — The principle of tho electric 
telegTiiph h^ recently been applied to & very ingenious piece of 
mecliunisni, bj which lui alarm of fire mity be almost inatnntlj oont- 
niuniontud to everj piirt of a large city. Wires; extending from 
the towers of the pciciclpal public buildings in which large bells 
ore suspended, unite at a, eentral point, wnere the opemtui; is in 
constant iittendunee. Un an alarm of fire io any locality, the watch 
ov police of the diatiict goes to a small boi, kept in a oonspieuous 
place, which be opens, and makes a telegraphic communication to the 
centra] operator, who, immediately lecogmsiug the eigoal and the 
district from which it came, gives the alarm, dj making each hel! 
in connexion with the telegraph strike the number corresponding 
with the district in which the alarm commenced. By this means 
the alarm ie communicated simultaneously to all parts of the city. 
This ingenious application of scientific principles haa been in sue- 
oesefttl operation ta the city of Boston long enough to prove its 
gieat value. 
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ini Thji Atjk spiiraiio TELEOBAin — An ingenious appar 
Bta= called Fke Atriospheric Telegraph ha^ reeentlj been 
jnitrueted by Mr T S Kiobard&on of Bo ton lo'' gned to 
£ nl packages thiougb continuous tubet. ly means of atmos 
[here pros&ura Ai 11 tigbt tube being kil between two 
jlaecs eitber unler 01 above g ound i piston cillolbyMr E 
a plun§e) h acouiately fittel to its bore bebind wtiit,li tbe 
pick ge de". gned to I e fent 1^ attached The 1 r \ia\ ing I eon 
eshiuatel from tbe tube byei^inea at the oppos te eal the 
piesaure of the atmosphcr wil! diiye the pi ton oi pluiger 
with ito load forwaid to its proposed de&tinUion 

Ihia ingen ous application of atmospheric piessuie operates 
V, th entue sucoeia in the model T,nl h s. been alto successfully 
te ted in tubes that havo been laid to the extent of a milo Pa 
tents have been secired for the 11 vention m England France 
and other countues ot Eirope aa well as n this cointry and 
a comjany is now toraiin^ foi te?tin^ the [i aciple between tl a 
cities of Boslon and New Yoik The air 13 t<) be esbiustei' 
tium the tubes by niexns of steam eng les ind theie are to ba 
itorraediate stat ods between those two cities 

1192 The Electrotipe Pkocbss — This pocess known by 
tl e vario is names elect otjpe eleUio plating and gdding gal 
\ lotyj^e galvano pliBtic eleotio-plastio and electio metallurgy 

1 piocess by which, a coating of one metal 10 made to adhere 
t aid take t! e foiin of another metal by eleotiical a^en y 

1193. It is ft process purely chemical and electrical, and the con- 
sideration of the subject pertains more properly to the science of 
Chemistry. As this volume has not profeBsed to pursue a riaid 
classification, it may not be amiss to give this brief notice of the 
process. 

1194. It consists in subject ng a chem cal solnt on of one 
metal to electrical action w th anotlier metal A olnt on of a 
salt or oxide, having a etall c base fo na part of tbe ele f 
eirouit, and, by the elect eal aot on the osygen ao 1 w II be 
drawn to tbo positive e d of the c u t wh le the pu e el 
will be forced to the negat e pol ■nh.e e t 11 e h on! e 
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with the metal or adhere to it, taking its esaot form. The 
thickness of the coating of the pure metal will depend on tke 
length of time that the body to be coated ia subjected to the 
combined action, chemical and electrical. Hence a mere film 
or a solid crust may be attached to any conducting substance. 

When a substanee not in itself a conductor is to he coated, it 
must first be made a conductor by cOTering its surface with 
some substance which will impart the conducting power. This 
is usually effected by means of finely-powdered black lead, 

1195. When a part only of a body is to be coated by the 
electrotype process, the parts which arc to remain unooated must 
previously be protected by means of a thin covering of was, 
tallow or some other non-conducting substance. 

1196. MAQHETO-ELECTRICrTY. — Mag- 

™-eteri^y5' neto-eleetrieity treats of the development 

of electricity by magnetism. 
How is Mag-. 1197. Electric currents are excited in a 
conductor of electricity by magnetic changes 
taking place in it3 vicinity. Thus, the 
movement of a magnet near a metallic wire, or near an iron 
bar enclosed in a wire coil, occasions currents in the wire. 

1198. When an armature, or any piece of soft iron, ia 
brought into contact with one or both of the poles of a magnet, 
it becomes itself magnetic by induction, and by its reaction 
adds to iJie power of the magnet: on the contrary, when 
removed from the contact, it diminishes the power of tie mag- 
net, and these alternate changes in its magnetic state induce a 
current of electricity. 

1199. The most powerfiil effects are obtained 

m.w are the ^ causing a bar of soft iron, enclosed in a 
most powerful ■> ^"-"^"t, uu. u ou ^ . , 
effects of mag- helix, to revolve by medianical means near the 
ne/0-eleciricily poigg ^f a steel magnet. As the iron approaches 
obtained? '' ,.-,,,- •, u 

the poles in its revolution, it becomes mag- 
netic ; as it recedes from them, its magnetism disappeai-s ; and 
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tLis alternation of magnetic states causes the fiow of a current 
of cleotiicity, whicK may be directed in its oour^e fo ecrew- 
(upi, from wliich it may be received by means of wires con- 
nected with the cups 

1200 The Marneto electric Machine — 
Til, 1''1 lepieoents the migneto-ele(,tri:, ma- 
chine, in whif h an drmature, huit twn e at 
s niiile to levohc ri[)iillv m front of the poleh of 
beel magnet of the U form. The U magnet, whoso 



rrplai; 



n:;ht angle-), i 
a compound si 




north polo is seen at N is fixel in a horizontal position with its 
poles as near the ends of the armature as will illow the latter 
to lotate without coming into :,ontaft with them The armature 
IS mounted on an ai.i« estendiUj^ from the pillar P to i small 
fiUir between tit pDles of the mignet Each of its legs is 
enclo'ied m 1 hel s of fine insulated wire The upper part of 
the I illai P slides o\ er the lower part and can be fastened in 
any position by a buiding screw In this way the band con- 
ne:,ting the two wheels m^y be tightens! at pleasure by in- 
ereising the diotance between them This arrangement also 
renders the nwchine more poi table By means of the multiply- 
ing wheel W whn.h is connected by a band with % email wheel 
on the T.S1S the iimature h made to resolve rap dlj, so that 
the magnetism induced in it by tht, stoel magnet is alternately 
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destroyed and renewed in a reverse direction to the previous 
one. Wien tlie lega of the armature are approaching the mag- 

t til ip t th lir 1 1 thp 1 ty d 

th th tl p 1 ty Th m on t I w g ! t wl 1 

th m tur p in f t f tl p 1 It g d lly 

d m iflh as th rm tur 1 th p t \ ly I 

ppea wh t t 1 t ^ht gl w th th m gn t A 
hlgfth pp hththplfhU 

mgtbythcot fthmt m tin g 

d (k.d t b t tl 1 1 th p UiS 

Th h tl t t f tl t t 

It nt th i hhespwfijl pp 

t ttl pdtywthhihthm t hfe p 

d d 

1201. Shooka may thua be obtained Iroiu the maehme and if the 
motion is very rapid in a powerf i! m^ohme the to) rant of slooks 
beoomea insupportatle — the n uaeiea of tl e 1 anda wl ich grasp the 
handles are involuntarily c ntriotaii BO that it la jnij.ossible to 
loosen the hold. The shocka however are inbtantly auspended by 
brining the metallii, handles intr eontaui 

1202 Thermo electricity — Thermo- 
vio-elecirkky i eleancity expieusea a form of electiicity 
de\ eloj ed by the agtncy of heat 
1203. In the yeai 1822 Piofesaor Seebeck of Beilm dia 
covered that curients of electricity might he produced ly the 
partia] application of heat to a oirouit compos d exclusively of 
solid conductors. The eleotiical current thus cs ited ha-i been 
l«rmed Thermo-electric (from the Greek Thermos which a g ii 
fiea heat), to distingui^'h it from the common galvanic current, 
which, as it requires the intervention of a fluid clement was 
denominated a Hydro-electric current. The teim Stereo-eleai la 
current has also been applied to the former in Older to mirk 
its being produced in systems formed of solid bo lies alone It 
is evident that if, as is supposed in the theory of Ampere mag- 
nets owe their peculiar properties to the continual oiicuUtioH 
of electric currents in their minute parts, these currents will 
come under the description of the stcreu-elecU f (.uucut= 
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1204, From lie views of electricity wbich have now been 
given, it appears tiat there are, strictly speaking, three states 
of electricity. That derived from the common electrical ma- 
chine is in the highest degree of tension, and accumulates until 
it is able to force its way through, the air, wbich is a perfect 
non-conductor. In the galvanic apparatus the currents have a 
smaller degree of tension; becaiise, although they pass freely 
through the metallic elements, they meet with some impedimenta 
in traversing the Jluid eondnetor. But in the thermo-electric 
currents the tension is reduced to nothing ; because, throughout 
the whole course of the circuit, no impediment exists to its free 
and uniform circulation, 

1205, If the junction of two dissimilar metals be heated, an 
electrical current will flow from the one to the other, 

1206, Instead of two different metals, one metal in different 
conditions can be used to oxoite the current. 

1207 Metals diffei gieatly m then power to excite a cur- 
rent when associated m therrao-elettrio pairs A current may 
be excited with two wiies of the same metal, by heating the 
end of one, and biingmg it into contact with the other. This 
experiment is most successful when metals iie used that have 
the lowest conducting power ol heat 

1208 Theinio-electuc batteries have been constructed with 
sufficient power to giie shocks and spaiks, and produce various 
magnetic phenomena, indicative of great magnetic power ; but 
the limits of this volume will not allowa further consideration 
of the subject. 

1209, Astronomy, — Astronomy treats 
amy? " ' '"'"'" ^^ ^^^ heavenly bodies, the sun, moon, plan- 
ets, stars and comets, and of the earth as a 
member of the solar system, 

1210. The study of astronomy necessarily involves an acquaint- 
ance with mathematics, but there are many interesting facta, which 
have been fully established by distinguished astronomers, whioh 
ought to be familiar to those who have uaitljer the oppurtunitv iht 
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tlie leisure to pursuo the subject l)j the aid of mathematical light. 
To such ihe foliowing hrief notice of the subject will not be devoid 
of interest. 

1211. Some of the most distinguislied men who 
Who are some have contributed to the gi'eat mass of facts and 
of the most dis- lawa which make up the science of Asti'onomy 
tingwshed As- were Hipparohua, Ptolemy, Pjthagoras, Copemi- 
ironomers ? ous, Tjoho Brahe, Galileo, Kepler and Newton. 

The present centuiy baa added to this list many 
others whose fame will descand to posterity with great iuaiie. 

1212. Hipparchus is usually considered the father of Astronomy. 
He was bom at Nicsea, and died about a hundred and twenty-five 
years before the Christian era. He divided the heavens into oan- 
stellatioQB, twelve in the ecliptic, twenty-one in the northern, and 
sixteen in the southern heiiiiaphere, and gave names to all the stars. 

He discovered the difference of the intervals between tlie autum- 
nal and vernal equinoxes, and, likevrise, by viewing a ti'ee on a 
pl^n, and noticing ita apparent position from different places of 
observation, he was led to the discovery of the parallas of the heav- 
enly bodies ; that is, the difference between their real and apparent 
g)8ition, viewed from tlie centre and from the surface of the earth, 
e determined longitude and latitude, fixing the first degree of lon- 
gitude at the Canaries. 

1213. Ptolemy ftouriahed in the second century of the Christian 
era. He was a native of Aleiandria, or Pelusium. In his system 
he placed the earth in the centre of the universe, — a doctrine univer- 
sally adopted and believed until the sixteenth century, when it was 
confuted and rejected by Copernicus. Ptolemy gave an account of 
the fixed stars, and computed the latitude and longitude of one thou- 
aand and twenty-tiro of^them. 

1214. Pjthagoras was born at Samos, and his death is supposed 
to have taken place about five hundred years before the Christian 
em. He supposed the sun to be the centre of the universe, and 
that the planets revolved around him in elliptical orbits. This doc- 
trine, however, was deemed absurd until it was established by Co- 
pernicus in the sixteenth century. 

1215. Tyeho Brahe, n Danish astronomer, flourished about the 
middle of the sixteentli century. His astronomical system was sin- 
gular and absurd, but the science is indebted to hira for a more cor- 
rect catalogue of the fixed stars, and for discoveries respecting the 
motions of ithe moon and the comets, the refraction of tfie rays of 
light, and for many othei important improvements. To him, also, 
was Kepler indebted for the principal facts which were the basis of 
nis astronomical labors, 

1216. Copernicus was bom in Prussia, in the latter part of the 
fifteenth century. Ho revived the system of Pythagoras, which 

5 laced the sun in the centre of the system. He taught the true 
octrine that the apparent motion of the heavenly bodies is caused 
by the real motjon of the earth. But, for nearly a century after 
the publication of his system, he gained but few followere. 
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1217 Galileo, a native of Pisa, flourished in the latter part of 
the sixteenth century. By hia observation of the planeta Venus and 
Jupiter, he gained a deeieive victory for the Oopemioan aystom. He 
was persecuted and imprisoned by the inquisition for holding what 
was tJiought, in that age of ignorance and superstition, to be heret- 
ical opinions, and compelled on his knees to abjui'e the truths 
which he had discovered, and wMch ho had too muoh sense to dis- 
believe. Notice has already been taken of this distinguished phi- 
losopher iu conneiion with the laws of falling bodies {see page 52), 
for the discovery of which the world is indebted to him. 

1218. Kepler, who, from his great discoveries, is called the legis- 
lator ot the heavens, waa a native of Wirtemberg, in 1571. Availing 
himself of the observations of Tycho Brahe, he discovered three 
great laws, known as Keller's laws of the planetary motjoos, and on 
them were founded the discoveries of Newton, a^ well as the whole 
modern theory of the planets. 

Kepler's laws could not have been discovered but for the observa- 
tions of Tycho Brahe (as Kepler was not himself an observer) , and 
no farther discoveries could have been made than Kepler made but 
for the telescope of Galileo. It has elsewhere been sta-ted that 
Galileo was indebted to Jansen, of Holland, for the idea of the 
telescope. But, since the days of Galileo, the telescope has been 
most wonderfully improved, and invested with almost inconceivable 
powers. Herschcl computed that the power of his telescope was so 
great as to penetrate a space through which light (moving with the 
prodigious velocity of 200,000 miles in a second of time) would 
require 350,000 years to reach us. But the great telescope of lord 
Eoase would proDably roach aa oljjeet ton times more remote. 

1219. Sir Isaao Newton, who has been called the Creator of 
Natural Philosophy, was bom in Lincolnshire, England, in 1642. 
His discovery of the universal law of gravitation, and many other 
valuable and important contributions which he made to science, 
place him among the foremost of those to whom the world is in- 
debted for an insight into the magnificent displays of the material 

„. 1220. According to the system of Aa- 

caiini of the troiiomy which is now universally adopted, 
solar ^si^as ^^ ^^^ j^ ^^ centre of a system of heavenly 
bodies, called planets, which revolve around 
him as a centre. 

Secondly. The earth is one of these planeta. 

Thirdly. That scsne of these planets are attended hy 
satellites or moons, which revolve around their respective 
planets, aad with them around the snu- 
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Fourthly. That !he size, distance and rapidity of 
motion of each of these plaoets is known to be difierent. 

Fifthly. That the stars are all of them suns, with 
systems of their own, and probahly many, if not all of 
them, having plaaeta, with their moons revolving around 
them as centres.' 

Sixthly. That there is a centi-al point of the univeree, 
around which all systems revolve. 

Whathmeant 1221. Of THE SoLAE System.— By the 
Sj) the Solar Solar System is meant the sun and all the 
System? heavenly bodies which revolve around it. 

These are the planets with their satellites or moons, our 
earth with its moon, together with an unknown number 
of comets. 

What are 1222, Op thij; Peimaky Planets. — Those 

Primary bodies which revolve around the sun, with- 
.PlanetsT ^^^ revolving, at the same time, around 
some other central body,%re called Primary Planets, 

~. ,, 1223. For many years the planets were eoa- 

Oinethenamet .,,,./ "^ , , 

qfihe eight swered to be six in number only, and ttiey were 
primary all, except our earth, named after the gods of 

planeU. heathen mythology, — Mercury, VeauB, Earth, 

Mars, Jupiter, and Saturn. In the year 1781, Sir William 
Herachel discovered another, to wticli the name of Uranus has 
been given ; and in the year 1 846 an eighth was discovered, to 
which tlie name of Le Verrier was at iirst given, from a dis- 
tinguished French astronomer, by means of whom it was points 
out. It is now known by the name of Neptune. 
Him many 1224. Besides these primary planets, it waa 

■mmorpri- discovered, between the years 1800 and 1807, 
mary planets , , ,, i - > » 

liave ieendit-- that between Mars and Jupiter there were four 
covered? smaller planets, of sucli diminutive size, compared 

with the others, that they were called Asteroids. Since the 
year 1846 thirty-one more have been discovered, bo that there 
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ire now known to be no fewer than tliiity-five asteroids, or minor 
planets, between the orbits of Mara and Jupiter. 

1225. The Minor PLiNirrs,— The following is a catalogue 
of the minor planets at present tnown, arranged in the order 
of their discovery, together with the other known planets of our 
solar system : 



Ksme (md Number hy »l,l,ih 


Dal..fDi.o,e,y. 


BamBs^fDIsooYetora. 


MiKa.'"™' 


imV.m^'li'.': 

lB^','.Vee.a...'.'. 
1S4S.. April Sa... 

Si::Sr,S::::: 

lB02..UafchlT... 

!S:iri'.:;:; 

ie53..AiigaBtB»... 
ISM. .Sept 8 

lasa.-NoT. s, ... 

ISM. .Not. fl 

iaM,.jn!jaa 

S-.Sk.:::. 
ffi::affiv;.:: 

lSS5..Aptn27. 






aia;""""- 








HsDcHe, oTOenmny. 






Hind, of LondoB. 










las— 








DeGMparis, 






L„ll,ar,ofGerauiiiy. 






is=5E;;::;;;:;:: 




Do Gaspsris. 
GuldGcbmldC, Paris. 












DeGasparlB. 






«. Entatpe 


"'ih" 
























b!^™^ 






1346. .Sept. 28. ..| 


Dr. Galle, of Berlin, by diroo. 
tion of te Verrler, nt Paris. 





* To the last two asteroids in tl 
It i» proper to b9 obaarved that tli 
1|7 their niimbers than by their n 



! list no names hava as yet been given, 
asteroids are freqnsulJ)' linown bettor 
mee. Thna Q r.epreseute Folhymnio, 
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„, ^ . ^, 1226. The name planet properly means 

What u the J . , ^ , ■ . ^-u- 

diffwenee be-- a wand&nng star, and was given to mis 
tweenaplamt class of the heavenly bodies because they 
" * ' are constantly moving, while those bodies 
which are called j&et? stars presei-ve their relative posi- 
tions. The planets may likewise be distingnislied from 
the fixed stars by the §je by their steady light, while 
the fixed stars, on the contrary, appear to Pwinhle. 

1227. The sun, the moon, the planets, and , the fixed stars, 
which appear to us so small, ai* supposed to be large worlds, 
of various sizes, and at different but immense distances from us. 
The reason that they appear to us so small is, that on account of 
theirimmensedistances they are seen under a small angleof vision. 
What univer- 1228. It has been stated, in the early pages 
iol law heep& of this book, that every portion of matter is al^ 
thepUneU jracfed hy every other portion, and that the 
and otJier nea- , „ / . , , , 

venlyhodieam 'o''<* oftne attraction depends upon the quantity 
theirplaceat of matter and the distance. As attraction is 
mutual, we find that all of the heavenly bodies attract the 
earth, and the earth likewise attracts all of the heavenly bodies. 
It has been proved that a body when actuated by several forces 
will be influenced by each one, and will move in a direction 
between them.' It is so with the heavenly bodies ; each one of 
them is attracted by every other one; and these attractions are 
so nicely balanced by creative wisdom, that, instead of rushing 
together in one mass, they are caused to move in regular paths 
(called, orbits) around a cential body, which, being attracted in 
different directions hy the bodies which revolve around it, will 
itself revolve around the centre of gravity of the system. Thus, 
the sunis the centre of what is called the solar system, and the 
planets revolve around it in different times, at different dis- 
tances, and with different velocities. 

1229. The paths or courses in which the 



their orbits. 
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Whtttisnteani 1230. In obedience to the nniveraal law of 
by a year t gravitation, the planets revolve around the 
sun aa the centre of their system ; and the time that ea«h 
one talies to perform an entire revolution is called its year. 
Thus, the planet Mercury revolves around the sun in 87 
of our days ; hence a year on. that planet is equal to 87 
daya. Tho planet Venus revolves around the sun in 224 
days ; that is, therefore, the length of the year of that 
planet. Our earth revolvoa around the sun in about 365 
days and 6 hours. Our year, therefore, is of that length. 

1231. The length of time that each planet takes in perform- 
ing its revolution around the sun, or, in other words, tie length 
of the year on each planet, is as follows, {Tht fractional 
parts of the day are omitted.) In the same connexion will also 
be found the mean distance of each planet from the sun, and 
the time of revolution around its axis; or, in other words, tha 
length of the daj on each. 
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1232. There is a very remarkable law, dis- 
covered by Professor Bode, founded, it is true, 
on Eo Inown matbematical principle, but which 
has been found to accord so exactly witb other calculations, 
that it is recognized as Bode's law for estimating tbe distances 
of the planets from the sun. Thus ; 
Write the arithmetical progression, 

3, 6, 12, 24, 48, 96, 192, 384. 
T h f th eries add 4, and we have the sums, 
4 7, 10, 16, 28, 52, 100, 196, 888, 
wh h w II p ent very nearly the comparative distance of 
e h pla t N w, the distance of the earth from the sun is 
95 II f m les, and aa that distance is represented in the 

p g i by 10 it follows that the distance of Mercury is y^j 
f9 mil fVenus j'^, Ac. 

~, , , 1233. It is to be observed, however, that before 

the discovery of the minor planets, there was a 
very remartable interval between the planetJ 
Mars and Jupiter, and that Bode's law, which 
!ord with the distance of all the other planets, 



the discovery 
qf the minor 
planets f 
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a] 5 paied here to fa I in its ipplication Eej lor hid Buspected 
that an undiscovered planet existe I in the intsival but it was 
not cefta nly known until a i umher of distingu hed ohservers 
assemhled at Lilienthd in ^3\ony in 1800 who lesolved to 
duett the r ob'eiv Uions etpeoiilly to that pait of the heavens 
where the unincwn planet was auj.j.osed to be The result of 
the labora of these observer"* ind others who have fjllowed 
tlieih has been the hscoveiy of the thirty five minor planets, 
all situated between the planets Mars and Jupiter But these 
What op nion minor planets are so amali and then paths or 
Timleenform ovbxis viry to 1 ttle that it has been conjectured 
to the mirvor ^^^ *'^^5' "'''S'lally farmed one 1 irge and lesplen- 
flaaeU* dent oib which bj the operation cf some un- 

known cause has exflodcd and f imed the minor planets that 
revolve in orbits very near that of the original planet. 

1284. Of these thirty-five small bodies, which are quite invisible 
without the aid of a good telescope, ten were diacovei'ed by Mr. 
Hind, of Mr. Bishop's private observatory, Regent's Pwk, London; 
sweftby De Gasparis, of Naples; three by Chacornac, at Marseilles ; 
(Awe by Lather, at Bilk, Germany; (mh by Olbers, of Bremen; bmo 
by Hencke, of Driessen, Gei-many; tv)o by Goldschmidt, at Paris; 
and one each by Kaazi, of Palermo; Harding, of Lilienthal, Ger- 
many; Graham, at Mr. Cooper's private obsei'vatory, Markree 
Castle, Ireland ; Marth, of London ; ■ and Ferguson, of Washington. 
1235. The paths or orbits of the planets 
shape of the ^^ not exactly circular, hut elliptical, 
orliUofthe They are, therefore, sometimes nearer to 
y ane . ^^ ^^^ ^j^^^ ^^ Others. The mean distance 

is the medium hetweeu their greatest and least distance. 
Those planets which are nearer to tlie sun than the 
earth are called inferior planets, because their orbits are 
within that of the earth ; and those which are further 
from the sun are called superior planets, because their 
orbits are outside that of the earth, 
Give the relor. ^ggg^ -j^e relative size of the sun, the 
Kin, moon, moon and the larger planets, as expressed by 
aridpnma/ry the length of their diameters, is as follows : 
plamett. 
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Son . 


. 882,000 


Mars . 


. 4,100 


Moon . 


. 3,153 


Jupiter 


. 88,640 


MercTirj 


. 2,950 


Saturn 


. 75,000 


Venns . 


. 7,800 


UraniiB 


. 34,500 


Earth . 


. 7,912 


Neptune 


. 37,500 


ow large are 


1237. Tho size 


of the minor planeta has been 



the minor bo variously estimated, tliat little relinnoe can be 

planets? placed on tlie calculations. Some astronomcra 

estimate them as a Httle over 1000 miles, while others place 
tiiem much below that standard. Vesta has been described as 
presenting a pure white light ; Juno, of a reddish tinge, and 
with a cloudy atmosphere ; Pallas is also stated as having a 
dense, cloudy atmosphere ; and Ceres, as of a ruddy color. 
These four undergo various changes in appearance, and but 
little is known of any of them, except their distance and time 
of revolution. 

Emilain 1238. Fig. 182 ia a representation of the com- 
Fig. 182. parative size of the larger planets. 




Sr J. F. W. Heraehel ^vea the following illustration of the oom- 
piwatWo size and distanea of the bodies of the aolar system. " On 
a well-levelled field place a globe two feet in diameter, to ropresont 
the Sun ; Mercury will be represented Iq a n-ain of uiuBtiird-seod, 
on the eircumferenoB of a circle 164 feet in fliametor for its orhit ; 
Venus, a pea, on a oircia 284 ftot in liiameter; the Earth, also a 
pea, on a oinilo of 400 feet ; Mars, a ratlmr large pin's head; on a 
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circle of 654 feet ; Juno, Oeres, Vesta, and Pallas, grains of Band, 
in orbits of fi-om 1,000 to 1,200 feet; Jupiter, a laoderatfl-sized 
orange, in a oirelo nearly half a mile in diameter; Saturn, a small 
orange, on a circle of tour-fifths of a milo; Uranna, a full-aiaed 
cherry, or BmaL plani, npon the circumference of a circle more than 
a mile and a half; and Neptune, a good-sized plum, on a circle 
about two miles and a half in diameter. 

"To imitate the motjons of the planets in the above-mentioned 
orbits. Mercury must describe lis own diameter in 41 seconds; 
Venus, in 4 minutes and 14 seconds; the Earth, in 7 minutes! 
Hai'9, in 4 minutes and 48 seconds ; Jupiter, in 2 hours, 56 minutes : 
Saturn, in 3 hours, 13 mjnntee; Uranns, m 12 hom-s, 16 minutes, 
and Neptune, hi 3 hours, 80 minutes." 

. 1239. The Ecliptic is tlie apparent path 

£d^^ and of ^^ ^™i <*!' tlie real patli of the earth. 
why Uitm It is called the ecliptic, because every 
*^"^' edipse, whether of the ean or the moon, 

must be in or near it. 

12iO. The Zodiac is a space or belt, eix- 
Zdiao^ ^^" ^'^^^ degrees broad, eight degrees each side 
of the ecliptic. 
It is called the sodiao from a Greek word, which sig- 
nifies an cmvmal, because all the stars in the twelve 
parts into which the ancients divided it were formed 
into constellations, and most of the twelve constellations 
were called after some animal. 

1241. Sir J. F. W. Hersohel, in his excellent treatise on As- 
troaomy, saja: "Uncouth figures and outlines of inea and mon- 
Btera are usually scribbled over celestial globe? and maps, and 
serve, in a rude and bai-barous way, to enable us to talk of groups 
of stars, or distriota in the heavens, 'ii^ names which, tiiough absnrd 
or puerile in their ori^n, have obtained a currency from which it 
wonld be difficult to dislodge them. In so far as they have really 
(as some have) acy slight resemblance to the figures called up in 
imagination by a view of the more splendid ' constellationa,' Uiey 
have a certain convenience ; bnt as they are otherwise entirely ai'- 
bitrary, and correspond to no natural subdivisions or groupings 
of the stars, astronomers treat them lightly, or altogether disregard 
them, except for briefly naming remarkable stars, as ^Alpha'LsoiiM,' 
'.Bei«i5'i!orpji,'&e,, by letters of the Greek alphabet attached to them. 
"This disregard is neithw supei-cilious nor causeless. The con- 
stellations seem to have been almost purposely named and ddineute^ 
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to cause as much confaeion and iceonyeiiience as possible. In- 
Dumerable aaakea twine through long acd contorted areas of tha 
hettvens",' whora no raeraoty can follow them ; bears, liona, and 
fishes, large and small, northern and southern, confuse all n 



Who! are the 
signs of the 
eodiac, and how 
many degrees in 



1242. The zodiac ia divided into twelve 

signs, each sign containing thirty degrees of 

the great celestial circle. The names of these 

signs are sometimes given in Latin, and 

in English. They are as follows : 



{1) Aries, Tie Ram. 

(2) Taurus, The Bull. 

(3) Gemini, The Twins. 

(4) Cancer, The Crab. 

(5) Leo, The Lion. 

(6) Virgo, The Virgin. 



(7) Lihra, The Balance, 

(&) Scorpio, The Scorpion, 

(9) Sagittarius, The Archer. 

(10) CaprioomuB, The Goat. 

(11) Aquarius, The Water-be 

(12) Pisces, Tl|e Fishes. 



1243. The signs of the zodiac and the v 



Bolar systi 
works, by aigni 

Inth. 
riproaented. 

© The Sun. 
d The Moon, 
g Mercury. 



often represented, ii 
oharacteri. 



us bodies of tha 
and astronomical 



list the chaiacters of the planets, , 



© The Earth. 
^ Mars, 



Juno. 
^ Uranus. 



? Ceres. 

$ Pallaa. 

2i Jupiter. 

tl Saturn. 



The following characters represent the signs of the Zodiac. 



f Aries. 
y Taurus. 
n Geoiins. 
23 Cancer. 



SI Leo. 
itK Virgo. 



f Sa^ttarius. 
\S Capricornus. 



"l Scorpio, 
ipeotion of i'ig. 183 it appears that when the earth 
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as seen from tte sun, is in any particular constellation, the sun, 
as viewed from the earth, will appear in the opposite one. 
Have the signs 1244. The cowsie^tojons of the zodiac do not 
of the zodiac ug^ retain their original names. Each con- 
ed the same Btellation ia about 30 degrees eastward of the 

and why ? sign of the same name. For example, the con- 

stellation Aries is 30 degrees eastward of the sign Aries, and the 
constellation Tauma 30 degrees eastward of the sign Taurus, and 
80 on. Thus the sign Aries lies in the constellation Pisces; the 
sign Taurus, in the constellation Aries ; the sign Gemini, in the 
constellation Taurus, and so. on. Hence the importance of dis- 
tinguishing between the signs of the zodiac and t\i&conslellation3 
of the zodiac. The cause of the difference is the precession of 
the equinoxes, a phenomenon which will be explained in its propei 
connexion. 

How are the 1245. The orbits of tbe other planets 

plmltf situated ""^ inclined to that of the earth; or, in 
with respect to other words, they are not in the same 
that of the . 

mrth? plane. 

Explain B'ig. 183 represents an oblique view of the plane 

f^g. 183. of the ecliptic, the orbits of all the primary planets, 
and of the comet of 1680. That part of each orbit which is 
above the plane is shown by a white line ; that which is below 
it, by a dark line. That part of the orbit of each planet where 
it crosses the ecliptic, or, in other words, where the white and 
dark lines in the figure meet, is called the node of the pknet, 
from tiie Latin nodus, a knot or tie. 

Explain 1246. Pig. 184 represents a section of the piano 

Fig. 184. of the ecliptic, showing the inclination of the orbits 
f th pi t Aa th d te d ly ^ht d g n 

ea h 1 f tl 1 pt t pp f m th fit, th t the 
b t f m f th pi t wh lly tl d 1 le 

th f h 1 d d 1 b 1 t Tl tl e 

b t. t J C es 1 P 11 b wl 1 th f U 

tlie othei planet,, are oon&ned to the zodiac. 
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When, is a 124T. When a planet or heavenly body 

said tote iamy '^ ™ ^^^^ V^^^ ^^ ^^ Orbit which appears to 
consisllaHon ? be near any particular constellation, it is said 
to be in that constellation. 

Thus, in Fig. 147, the comet of 1680 appears to approach the 
sun from the constellation Leo. 

Wliat is meant ^^^S. The perihelion* and aphelion* 
by the perihelion of a heavenly body express ita situation with 
^;£"i"i;j regaritotiesun. When » body is n»rest 
gee, of a heavenly to the sun, it J3 said to be in its perihelion. 
" ^' When furthest froro the sun, it is said to 

be in ita aphelion. 

1249. The earth is three millions of miles nearer to the 
sun in its perihelion than in its aphelion. 

The apogee * and perigee * of a heavenly body express 
its situation with regard to the earth. When the body is 
nearest to the earth, it is said to be in perigee ; when it is 
furthest fi'om the earth, it is said to be in apogee. 

■nri ■ ji 1350. The perihelia of tte planets, a> seen from 
tr/wre a zae ^^ ^^^ ^^ ^^ following Eigne of tlie zodiao, 



n of the \ 
earth? 



V Oancer, Mara in Piseea, "Veata in S.igittar 
rins, Juno in Taurus, Oei'oa in Leo, PaUas in Leo, 
Jnmter in Aries, Saturn in Oaucei-, UranUB ia Virgo, and Keptune 



mmtei 

What is fiKtmt 1251. When a planet is so nearly on a 

andsupenor ^^'^^ ^■'-1^ ^^^ earth and the sun as to pass 

conjunciionand between them, it is said to be in its inferior 

"fhi^t?"' " conjunction ; when behind the sun, it is said 



» Ths pluta! of Perihdion is Perihelia, and of Aphdion is Apheli 
words pdhtlim, npiffion, apogei, and perigee, ato derived from tht 
language, and liave the following meaning ; 

Poriholion, near the ens. 

Aphellon,/™HiWi8sun, 

Porisee, near the eatlh. 

Apogee, /nrtn tlia enrth 



ostecbvGoOgIc 



850 



HATURAL PUILOSOPHY. 



Whal is 
dination of the 
axes of the 
planets to the 
plane of their 

Whal causes 



tgtk of 



to be in its superior conjunction ; but wlien behind the 
earthj it is said to be in opposition. 

1252. The axes of the planets, in their 
revolution around the sun, are not perpen- 
dicular to their orbits, nor to the plane of the 
ecliptic, but are inclined in different degrees. 

1253. This is one of the most remarkable 
circumstances iu the scienise of Asti'onomy, 

'.t is the cause of the different seasons, 
spring, sunamerj autumn and winter ; and 
niglits ; because it is also the cause of the difference in 

the length of the days and nights in the different parts of 
the world, and at the different seasons of the year. 

1254. The motion of the heavenly bodies ia not uniform. 
They move with the greatest Velocity when they are in 
■pefihelian, or in that part of their orbit which is nearest 
to the sun; and slowest when in aphelion. 

1355. It was discovered hy Kepler, and proved by 
Newton, that if a line is drawn from the sun to either 
of the planets, this line Fig.i^ 

passes over or describes 
ei£ual areas in equal times. 
This line is called the ra- 
dius-vector. This is one of 
Kepler's great laws. 
E-vplom In Fig. 185, 

Fig.Vi?,. let S represent the 
Euu, and E the earth, and the 
ellipse or oval, be the earth's 
orbit, or path around the sun. 
By lines drawn from the sua 
at 9 to the outer edge of the a. 
figure, the orbit is divided 
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into twelve areas of different shapes, bat each containing the 
same quantity of space. Thua, the sn^ces ES A, A S B, D S G, 
&C., are all supposed to be equal. Now, if the eartli in the 
space of one month will move in its orbit from E to A, it wili 
in another month move from A to B, and in tlio third month 
from B to 0, &c., and thus its radius vector will desciibe equal 
areas in equal times. 

The reason why the earth (or any other heavenly body) movea 
with a greater degree of velocity in its perihelion thin in its 
aphelion may Hkewiso be explained by the same figure Thu^ : 
The earth, in its progress from F to L, being coK^foni/y urged 
forward by the sun's atti-aotion, must (as is the case with a fall- 
ing body) move with an accelerated motion At L, the fcun'a 
attraction becomes stronger, on account of the nearness of the 
earth; and consequently in its motion from L to E the earth 
will move with greater rapidity. At E, which is the perihelion 
of the earth, it acquires its greatest velocity. Let us now detain it 
at B, merely to consider the direction of the forces by which it 
is urged. If the sun's attraction could be destroyed, the force 
which has carried it from L to E would carry it off in the dotted 
line from E to G-, which is a tangent to its orbit. But, while the 
earth has this tendency to move towards G, the sun's attraction 
is continually operating with a tendency to carry it to S. Now, 
when a body is urged by two forces, it will move between them ; 
but, as the sun'a attraction" is constantly exerted, the direction 
of the earth's motion will not be in a straight line, the diagonal 
of one large parallelogram, but through the diagonal of a num- 
ber of infinitely small parallelograms ; which, being united, form 
the curve line B A. 

It is thus seen that while the earth is moving from L to E the 
attraction of the sun is stronger than in any otJier part of its 
orbit, and will cause the earth to move rapidly. But in its 
motion from E to A, from A to B, from B to C, and from 
C to P, the attraction of the sun, operating in an opposite direc- 
tion, will cause its motion from the sun to be retarded, until, at 
F, the direction of its motion is reversed, and it begins again to 
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appvoaeii the sun. Thus it appears tliat in its passage from tho 
perihelion to the aphelion the motion of tho earth, as well aa 
that of all the heavenly bodies, must he constantly retarded, 
while in moving from their aphelion to perihelion it is con 
Btantly aocolerated, and at their perihelion the velocity will be 
the greatest. The earth, therefore, ia about seven days longer 
in performing the aphelion part of its orbit than in traversing 
the perihelion part ; and the revolution of all the other planets, 
being the result of the same cause, ia affected in the same man- 
ner as that of the earth. 

Wlat the 1256, The other two great laws dia- 
three laws of covered bj Kepler, on which the discoveries 
K^ler . ^£ Newton, as well as the whole modern 

theory of the planets, are based, are — 

1257. {1.) That the planets do not move in circles, 
but iQ ellipses, of which the sun is in one of the foci. 

1258. (2.) In the motion of the planets, fJie squares 
of the times of revolution are as the cubes of the mean 
distances from the sun. 

It was by this law that, in the want of other means, the 
distance of the planet Uranus from the sun was estimated. 
Qowmueh nearer 126&. The earth is about three millions 

than t» (Ae win- in summer. The heat of summer, there- 
Urt [Be careful f^-pg ^.^j^ |jg ^^jy paj-tially affected b-y 
not to be caught ' ( ^ J •' 

in (Ms quMticn.] the distance ot the earth trom the sun. 

The 8un ia nearest to the earth in the summer of the southern 
hemisphere, and the heat is more intense there than in corres- 
ponding latitudes of the north. This is due to the greater 
amount ©f land in the northern hemisphere, which by its radi- 
ating power diffuses the heat more equally, 
Whm is the heat ^^fiO. On account of the inclination ot 
of the Sim the the earth's axis, the rays of the sun fall 
greatest f more Or less obliquely on different parts 
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of the eaiih's surface at different seasons of the year. 
The lieat is always the greatest when the sun's rays fall 
verUcally ; and the more otliquely they fall, the fewer 
of them fall on any given space. 

This is the reason why tlie days are hottest in summer, although 
the earth is further from the sun at that time, 
ExfJain 1261, Fig. 186 represents the manner in wkioh 

^'S- 1^6 the rays of the sun fall upon the earth in summer and 
in winter. The nortli pole of the earth, at all seasons, constantly 
points to the north star N ; and, when the earth is nearest to the 
sun, the rays from the sun fall as indicated hy W in the figiu-e ; 
and, as their direction is very oblique, and they have a larger 




portion of the atmosphere to traverse, much of their power is 
lost. Hence we have coM weather when the earth is nearest tc 
the sun. But when the earth is in aphelion the rays fiill almosi 
vertically or perpendicularly, as represented by S in the figure 
and, although the earth is then nearly three millions of miles 
further from the sun, the heat is greatest, because the rays fall 
more directly, and have a less portion of the atmosphere to 
traverse. 

This may be more familiarly esplained by couipa 
rays to a ball or stone thrown directly at an objc 
30* 
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Strike it with all ita force ; and winter rays to the same ball or 
atone thrown obliquely, m as merely to graze the object. 
Whyis it cooler 1262, For a aimilaj reason we find, even in 

early m the summer, that early in the morning and late in 

moming tiian ■' ° 

(jt the middle tke afternoon it is much cooler than at noon, 
of the day 7 because the sun then shines more obliquely. 

The beat Is generally the greatest at about three o'clock in the 
afternoon ; because the earth retains ita heat for some length of 
time, and the additional heat it is constantly receiving from the 
sun causes an elevation of temperature, even after the raya 
begin to fall more obliquely. 

What causes the 1263. It is the same cause which occasions 
'ofea^ d'ff ^^ variety of climate in different parts of the 
ent parts of the earfh. The sun always shines in a direction 
"^'^ ^ nearly perpendicular, oi vertical, on the equator, 

and with different degrees of obliquity on the other parts of the 
earth. For this reason, the greatest degree of heat prevails at 
the equator during the whole year. The farther any place is 
situated from the equator, the more obliquely will the raya fall 
at difierent seasons of the year, and, consequently, tho greater 
will be the difference in tho temperature. 

lira , I -n 1264. If the axis of the earth were perpen- 

What places will . , 

hase tlie coolest dicular to its orbit, those parts of the earth 
iemperaiare? which lie under the equator would be constantly 
opposite to the aun ; and as, in that case, the sun would, at all 
times of the year, be vertical to those places equally distant from 
both poles, so the light and heat of the sun would be dispersed 
with perfect uniformity towards each pole ; we should have no 
variety of seasons ; day and night would be of the aame length, 
and the heat of the sun would be of the aame intenaity every 
day throughout the year. 

What effects are 1265, It is, therefore, aa has been stated, 
inciinaiionof owing to the inclination of the earth's 
the earth's axis? axis thai we have the agreeable variety 
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of the seasons, days and nights of di/ferent lengths, 
and that wisely-ordered variety of climate which causes 
so great a variety of productions, and which has afford- 
ed so powerftd a stimulus to human industry. 

1266, The wisdom of PrOTidenoe is frequently displayed in appar- 
' ' .latencies. Thus, the very oircumstanGe wfiioh, to f- - 



short-sishled philosopher, appears to have thrown an insurmouDtablo 
barrier Iwtwe en the seattered portions of the human race, has been 
wiselj ordered to establish an mterchauge of blessings, and to bring 
the ends of the earth in communion. Were the sauie productions 
found in every region of the eartb, the. stimulus to exertion uoold 
be weakened, and the wide field of human labor would be greatly 
diminished. It is our mutual viants which bind us together. 

1267. In order ia understand the illustration of the eaasea of 
tte seasons, &o., it is necessary to have some knowledge of the 
circles which are drawn on the artificial representations of the 
earth. It is to be remembered that all of these oirclea are 
wholly imaginary ; that is, that there are on the earth itself no 
such circles or lines. They are drawn on maps merely for the 
purpose of illustration. 

Explain 1268. Fig. 187 represents the earth. N S is the 

^^' axis, or imaginary line, around which it daily turns; 

N is the north pole, S is the south pole, pig, ist. 

These poles, it will be seen, aie the 
extremities of the asis N S, D 
represents the equator, which is a cir- 
cle around the earth, at an equal dis- 
tance from each pole. The curved 
lines proceeding from N to 8 are me- 
ridians. They are all circles sur- 
rounding the earth, and passing through 
the poles. These meridians may be multiplied at pleasure. 

The lines E F, I K, L M, and G H, are designed to represent 
oirclea all of them parallel to the equator, and for this reason 
they are called parallels of latitude. These also may be mul- 
tiplied at pleasure. 

But in the Sgure these lines, which are parallel to the equator. 
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and whicli 11 e at 1 certim ili'itance from it havo a different 
name, dernel from tte imnner in which the sun = laya fall on 
the surface of the eaith 

Thus the circle I K 23j degrees from the equator, ia called 
the tropic of Odneei and the circle L M it called the tropic of 
Capricorn The urole E F 13 called the Arctic Circle. It 
represents the hmit of perpetuil day when it is summer in the 
northern hemi&phere ind of perpetual night when it is winter. 

On the 2lst of March the rays ot the sun fall vertioally on 
the equator and on each succeeding diy on places a little to the 
north, until the 21st ot June when they fill vertically on places, 
23^ degrees north of the equator. Their vertical direction then 
turns back again towards the equator, where the rays again fell 
vertically on the 23d of September, and on the succeeding days 
a little to the south; until the 2l3t of December, when they fall 
vertically on the places 23^ south of the equator. Their verti- 
cal direction then again turTis towards the equator Hence the 
circles I K and L M are called the tropics of Cancer and Cap- 
ricorn. The word tropic ia derived from a word which signifies 
to turn. The tropics, therefore, are the boundaries of the sun's 
apparent path north and south of the equator, or the lines at 
which the sun turns back. 

The circle G H is the Antarctic Circle, and represents the 
limit of perpetual day and night in the southern hemisphere. 
The line L K represents the circle of the ecliptic, which, as has 
already been stated, is the apparent path of the sun, or the real 
path of the earth. This circle, although it is generally drawn 
on the terrestrial globe, is, in reality, a circle in the heavens; 
and differs from the zodiac only in its width, — the zodiac ex- 
tending eight degrees on each side of the ecliptic. 
E!cp!aiti 1269. Fig. 188 represents the manner in which the 

tig. los. ^^^ shines on the earth in different parts of its orbit; 
or, in other words, the cause of the change in the seasons, S 
represents the sun, and the dotted oval, or ellipse, A B C D, the 
orbit of the earth. The outer circle represents the zodiac, with 
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the position of tte twelve signs or eonstellatioHa. On the 21st 
of June, when the earth ia at D, the whole northern polar region 
is continually in the light of the sun. As it turns on its axis, 
therefore, it will be day to all the parts which are exposed to 
the light of the sun. But, as the whole of the Antarctic circle 
is within the line of perpetual darkness, the sua can shine on no 
part of it. It will, therefore, be constant night to all placea 
within that circle. Aa the whole of the Arctic circle is within 




the line of perpetual light, no part of that circle will bo turned 
from the aun while the earth turns on its axis. To all placea, 
thef wthitlAt 111 twllb istant day. 

th 2d f ta ptemb wh th ea th is at C, its axis is 
neith Id; / th unhtis dcwise ; and* of 

oou wh 1 h If f th e. th f pit polo, is enlight- 

end tl tl h If d k in e the case if its 

ftxi w ppdlatothpl ft It; and it is thia 
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which causes the days and nights of this season of the year to 
be of equal length. 

On the 23d of December the earth has progressed in its orbit 
to B, which causes the whole space within the northern polar 
circle to be continually in darkness, and more of that part of tie 
earth north of the equator to be ia the shade than in the light 
of the sua. Heace, on theSilst of December, at all places north 
of the equator the days are shorter than the nights, and at all 
places south of the equator the days are longer than the nights. 
Hence, also, within the Arctic circle it is uninterrupted night, 
the sun not shining at all ; and within the Antarctic circle it ia 
uninterrupted day, the sun shining all the time. 

On the 20th of March, the earth has advanced still further, and 
is at A', which causes its axis, and the length of the days and 
nights, to he the same as on the 20th of September. 

,^_ . 1270. Erom the explanation of figure 198, 

What IS meant . , , "^ „ . . .' 

by the Equinoxes i* appears that there are two parts of ita oreit 
cmd the Sol- in which the days and nights are equal all over 
the earth. These points are in the sign of 
Aries and Libra, which are therefore called the equinoxes. 
Aries is the vernal (or spring) equinox, and Libra the autumnal 

1271. There are also two other points, called solstices, because 
the sun appears to stand at the same height in the heavens in 
the middle of the day for several days. These points are in the 
signs Cancer and Capricorn. Cancer is called the summer sol* 
stice, and Capricorn the winter solstice. 

How are day 1272. Day and night are caused by the rofa- 

and night caas- tion of the earth on Its axis every 24 hours. 
ed, and 'o*^' '"^ It is day to that side of the earth which is 
difference in towards the sun, and night to the opposite side. 

their length? The length of the days is in proportion to the 
inclination of the axis of the eaxQitojcards the sun. It may be seen, 
by the above figure, that in summer the axis is most inclined 
towards the sun, and then the days arc the longest. As the north 
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pole becomes less inclined, the days shorten, tillontte 21st of De- 
cember it is inclined 23^ degrees from tlie sun, when the daya 
are the shortest. Thus, as the earth progreeses in its orbit, after 
the days are the shortest, it changes its inclination towards the 
Bun, till it is again inclined as in the longest days in the summer. 
WAicA ej the 1273 As the difteren^e m the length of the 

^'^alLt%ff^- ^■'^^ ■'""^ ^^^ "'S'*^^' "^"^ *^^ '^^■'g^ "^ *^^ 
ence rn its sea seasons, &c , on the earth, is caused by the in- 
'""^ ' chnation of the earth's axis, it follows that all 

the planets whose axes are mchneJ must experience the same 
vicissitude, and that it must be m proportion to the degree of 
the inclination of their axes As the axis of the planet Jupiter 
la nearly perpendicular to its orbit, it toUowi that there can be 
Ettle variation in the length of the days and little change in the 
seasons of that pknet. 

1274. There can be little doubt that the sun, the planets, stars, 
&o., are all of them inhabited ; and, although it may bo thought 
that some of theni, on account of their immenae distance from the 
sun, experience a great want of light and heat, while others are bo 
near, and the heat oonsequently so great,' that water cannot remain 
on them in afluid state, yet, as we see, even on our own earth, that 
creatures of different natures live indifferent elements, — as, fur 
instance, fishes in water, animals in air, &o., — creative wisdom could, 
undoubtedly, adapt the being to its situation, and with as little 
exertion of power form a £ace whose nature should be adapted to 
the nearest or the most remote of the heavenly bodies, as was re- 
quired to adapt the fowls to the air, or the fishes to the sea. 

m...i,.l.,s.n, 12T5. 0, TH. St.>..-Th. Sun is « 
and what is Us spherical body, situated near the centre of 
diameter ? gravity of the system of planets of which 

our earth is one. 

Hownrnckhrger 1276. Its diameter ia 882,000 English 
is the earth than nuies^ which is equal to 100 diameters of 
TAnsiuer care- the earth; and, as spheres are to each 
fully.] other in the proportion of the cube of their 

respective diameters, therefore his cubic magnitude must 
exceed that of tha earth one million of times. It revolves. 
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around its axis in 25 days and 8 hours. This has been 
ascertained by means of several dark spots which have 
been seen with telescopes on ite surface. 

1277. Sir. Wm. Herschel supposed the spots on the 
sun to be the dark body of the sun, seen through open- 
ings in the luminous atmosphere whioh surrounds him. 

1278. It is probable that the sun,* like all the other 
heavenly bodies (excepting, perhaps, comets), is in- 
habited by beings whose nature is adapted to their 
pecuKar circumstances. 

1279. Many theories have been advanced with regard 
to the nature of the sun. By some it has been regarded 
as an immense ball of fire ; but the theory which seems 
most in accordance with facts is, that the light and heat 
are communicated from a luminous atmosphere, or at- 
mosphere of ilame, which surrounds the sun, at a con- 
siderable distance above the surface. 

What is the zo- 1280. The zodiacal light is a singular phe- 
diaccU tight, and noraenon, accompanying tho sun. It is a faint 
us cause. light whicli often appears to stream up from 

the sun a little after sunset and before sunrise. It appears 
nearly in the form of a cone, ifa sides being somewhat curved, 
and generally hut iU defined. It extends often from 50° to 100° 
ift the heavens, and always nearly in the direction of the plane 
of the ecliptic. It is most distinct ahout the beginning of March, 
but is constantly visible in the torrid zone. The cause of this 
phenomenon is not known. 

1281. The sun, as viewed from the different planets, appears 
of different sizes according to their respective distances. Fig. 
189 affords a conipiiratiTe view of his apparent magnitude, as 
seen from all exeept the last twenty of the minor planets. 
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»,o.ii.(fc 1282. Op M™cmY.-M6ro».7 is the 
planet Met- nearest planet to the sun, and is seldom seen ; 
™'^" because his vicinity to tte sun occasions Iiia 

being lost in the brilliancy of the sun's raya. 
„ 1283 The heat of this planet is so great 

seas are tJ ere that witei cinnot exist there except m a 
on tlie ■planet ^^^^^ qJ- ^^poi and metals would be mi-Ued 

The intenbity of the sun a heat which is in 
the same piojoition is ite bght is seven times grcitei in 
Mercury than on the eaith bO that watei thcie would be 
carried off in the shape of steam foi by espeiiments made 
with a theimometer it appears that a he'it se^en times 
greatei thin that of the sun s 1 earns m sumn bi will mike 
water boil 

„ . . 1284 BleiLUiy although m ippLirance 

night maj onlj a small star emits a blight iihite light, 
Mercury be j^y which it may be recogn zed wl en seen 

It i[;pears i little befoie the sun rises and 
again a httle aftei sunset but as its anguhi distance 
from the sun neiei exceeds twenty three degiees it is 
never to be seen kiiger than one hour in I fifty minutes 
after sunset roi linger than that time befuie the sun iises 
How do -iMer 1285 When \ ewed through a ^ood tele 
airy appe r gcope Meicury appeals with all tie various 
wheA sen '^ -'"^,, „,, , 

through a phases oi mere ise and deci ease { t u^ht with 
tekscope' which we view the moon except that it neier 

appears quite full because its enlightened siJe is turned 
directly tow aids the earth only when tl e [lanet is so near 
the sun as to be lost to oui sight m ite beams Like that 
of the m on tl e tiescent oi enl j,htened side of Meicuiy s 
always toward^! the sun The tame ct ts i tation on its 
axis lias been estimated at ah Jut 24 hours 
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Vescribethe 1286. Oe Venus. — Venus, tlie second 

planet vtnus. pig^jjgj; jj^ order from the sun, is the neaiest to 
the eatth, jnd on that account appeal & to he the Uigest 
and mn^t beautiful of all the planets Duting a piitof 
the jeai it rises before the sun, and jt is then called tlio 
morning stir ; during another part of the year it rises after 
tilt sun, and it is then called the evening star. The heat 
and light at Venus are nearly double what tliej are at the 
enth 

1287. Bj the Hceient poeta Venua was called Phosphor, or LiKi- 
fer, when it appeared to the w^t of the bud, at wliioh time it ia 
morning star, and ushers in the light of day ; and Hesperus, or 
Vesfer, when eastwfird of tlje sun, or eTening star. 

Why is Venus 1288 Venu? like Mercury presents to us 
never seen late all the appeaiances of inciLise and decrease 
° ' of light common to the moon ^pots ire ilao 

sometimes seen on its saif-we like tliote on the bun By 
reason of the gieit biilhtncy of this pi met it miy some 
■.iniea be seen e\en in the day time by the nikbd eye But 
t is never seen late at n ght because its angul ir distance 
from the sun never exceeds foity fi\e degrees In the 
absence of the moon it w)U cist a shadow behind an opaque 
body. 

What is meant 1289. Both Mercury and Venua sometimes 
by tlie transit pass directly between the sun and the earth. 
oj a-pan . ^^ their illuminated sniface is tswiida the sun, 
their dark side is piesentLd to the eirth -uid they ippear 
like dark spots on the Bun s disk This is called the 
transit of these planets 

1290. The reiaon why we cannot see the ^tais anl ] lanet? in 
the day-time nt that their light is so faint compare 1 with the 
light of the sun reflectel by r ir atmosphere 
Describe the 1291 OP THE EARTH — The Eaith on 

pimiet. which wc lue IS tlie next phnei: m the soV 
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system m the order ot distance to Venua It is a large 
globe 01 ball neiilj eigbt thousand miles in diametei and 
about twenty file thousand milea in cir(,amfuuice It 13 
known to be lound — jift, because it capita •\ ciiouKr 
shadow which is leen on tht muon duimg an eolip&e , 
secondly, because the upper parts of datant obiecta on 
its sulfate can be seen at the greatest distance tkiidly, 
it has been circumnavigated It 18 situated in the midst 
of the heavenly bodnjt which we see around us at night, 
and forms one of the numbei of tliose bodies and it 
belongs to that Bjsteai which, having the sun foi its centie, 
and being mfluenced by its attraction is called the Aofo/ 
system 
H IB much It la not a pet feet sphere but its iiguie is 

^^S"}^'-^f, thit of an oblate spheioid, the equ-itorul 
•polar than the "^ ' "^ 

equatorial diametei bemg about twenty six miles longer 

^'^.H%^J^i than Its polai diameter 
earth' [Tkinli '^ 

before y 11 It 13 attended by one moon, the diameter 

speak] (jf which is about two thousand miles Its 

mean distance fiom the eaith is about 240 000 lailes and 
It tuina on its ixjs m piecisely the same time that it p( r 
forms its levolution round the earth namelj in twenty- 
seven days and seven houi'* 

„ , ,, 1292 The eaith, when \iewed from the 

DeiLtibp the ' 

ea ih a$ a moon exhibits precisely the same phases thit 
"""'" the iQoon does to ua but 111 opposite oidei 

When the moon is full to us, the eaith will be duk to the 
inhabitants * of the moon , and when the moon 13 dark to 
us the eaith will be full to them The earth appeart, to 
them about thuteen times lar^jpr than the moon does to us 

» Thii observation shouia bo quaiiGed by the condition that the moon is 
Inhabitad. Although thore ia abnadant reason fur the beliaf that tba 
planets are "tht green oiodei ijf life," tJiero are many laasuns to bclieya 
tliat tliG muon. in its present state, is ueitiier inliubit«d nor habitable. 



A.3 the moon, however, always presents nearly the same 
side to the earth, there is one-half of the moon which we 
never see, and from which the earth cannot he seen. 

1293, As this book may possibly 
the astronomer is able Ui meaBure 
immense bodies ths consideration of wliicli forms the aubjeet of 
Astronoraj, the process will here be described by which the diam- 
eter of the earth may bs ascertained. 

1294. All circles, as has already been stated, are divided into 360 
degr es, and, by meana of instruments prepared for the purpose, 
the s imber of degrees in any arc or part of a circle can be correctly 
iLScercained. Let ua now suppose that an observer, standing upon 
any fixed point, should notice the poaitiouof apardoularstar, — the 
north or polar star, for instance. Let him then advance from his 
station, and travel towards the north, until he has brought the star 
exactly one degree higher over his head. Let him then measure the 
distance over which he has travelled between the two points of 
observation, and that distance will be exactly the length of one 
degree of the earth's circuioference. Let him multiply that dis- 
tance by 3G0, and it will give him the circmnference of the earth. 
Having thus found the circumference, the diameter may readily bo 
found by the common rules of aiitlimetic. 

This, calculation is based on the supposition that the earth is a 
perfect sphere, which is not the case, the equatorial dianieter being 
about twenty-sis miles longer than the polar. But it is sufEciently 
near the ti'uth fur the present purpose The design of this work 
not admitting rigid roathematJcal demo n t oe f 

the commencement of a calculation is gi m ly t b w that 
what the astronomer and the mathemat tell w d rful a 

it may appear, is neither bare assertion n f d d u j 

What motions 1295. It has been tat d th t th th 

have the inhabit- yolves upon its asis y d y N w th 

planet^ See, it follows that the inh b t t t th q t 
also. No. 1296. ^^g carried around th wh 1 d ta b t 

twenty-foui hours, and every hour they are thus carried through 
apace in the direction of the diurnal motion of the earth at the 
rate of gJjth of 25,000 miles, which ia more than 1000 miles in 

1296. But this is not all. Every inhabitant travels with the 
earth through its immense orbit, the diameter of which is about 
190 milUoiia of miles, or through a apace of more than 570 mil- 
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iioiis of miles every year. This will gi^e him, at tlie same time, 
a motion of more than 68 000 miles in an hour in a different 
direction. If the que&tion be a&ked why each individual 13 cot 
sensible of thtse tremendouBly rapid motions the in^iwei is, 
that no bno e\er Lnew what it is to be without them "We cin 
not be sensible that wo have moved without feeling our motion 
as when in a bopt a current takes ws m one dneotion while ^ 
gentle wind carries us at the ■^d.me time in anothei dnection 
It is only when oui jirogiess is airested by obstacles of bome 
kind that we can jierceive the difference between a state of 
motion and a state of rest 

Wluit would 1297. The rapid motion of a thousand miles in 

be the conse- an hour is not sufficient fo overcome the centri- 
^umce if the petal force caused by crayity ; but, if the earlL 
earlh should ^ ,, , i ., ■ . .■ ■ 

revolve on its should revolve around its axis seventeen times in 
axis once in a day, instead of once, all bodies at the equator 
an hour. would be lifted up, and the attraction of gravita- 

tion would be counterbalanced, if not wholly overcome. 

1298. Certain irregularities in the orbit of the earth have 
been noticed by astronomers, which show that it is deviating 
from its elliptical form, and approaching that of a circle. In 
this fact, it has been thought, might be seen {he seeds of decay. 
But Laplace has demonstrated that these irregularities proceed 
from causes which, in the lapse of immensely long periods, 
counterbalance each other, and give the assurance that there is 
no other limit to the present order of the universe than the will 
of its great Creator. 

Describe the 1299. Oe Maes.— Next to the earth is 

planet Mars, the planet Mars. It is conspicuous for itf 
fieiy-red appearance, which is snpposed by Sir John 
Heracliel* to be caused by the color of its soil. 

u of Sir William Hersehol, the dieocveter 
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The degree of heat and hght at Mars is less than half 
of that received by the earth, 

1300. Of the Minor PLAHETs.~It has already be«n men- 
tioned tliat between the orbits of Mars and Jupiter thirty-five 
email bodies havp befn d acovered whii-h are called the minor 
planets It IS •» remirkible tact that beftre the discovery of 
Bodes law (see No 1''32) certnm jrregdiJities observed in the 
motions of the old planets mdu;,eJ lome astronomers to sup- 
pose thit a planet existed tetween the orb ts of Mars and Jupi- 
ter The opmion has been adiint.ed that these small bodies 
originally composed one Krger one, which by some unknown 
force or convulhion burst asunder This opinion is maintained 
with much ingenuity and plausibihtv by Sir David Brewster. 
(See Blvn Encyc^ ait Astronomy) llr Brewster further 
supposes that the bursting of th s [Unet miy have occasioned 
the [hen mena ff meteoiic "toies thit n stones which have 
fallen on the earth from the atmosphei'e. 

Describe the 1301. Of .TopiTEii. — Jupiter is the largest 

flanet Jupiter, pi^jjgt gf the solaj system, and the most bril- 
liant, except Venus. The heat and light at Jupiter are 
about twenty-five times less than that at the earth. Thia 
planet is attended by four moons, or satellites, the shadows 
of some of which are oecaaionally visilile upon his surface. 

1302. The distance of those satellites from tie planet are 
two, four, sis and twelve hundred thousand miles, Ttewrly. 

The nearest revolves around the planet in less than two days; 
the next, in leas than four days ; the third, in less than eight 
days ; and the fourth, in about sixteen days. 

Tliese four moons must afford considerable light to the inhab- 
itants of the planet ; for the nearest appears to them four times 
the siae of our moon, the second about the same size, the third 
somewhat less, and the fourth about one-third the diameter of 
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1303. jIs tte asis of Jupiter is nearly perpendicular to it. 
orbit, it has no sensible change of seasons. 

„,, , 1304. Tbo aatellit«a of Japiter often pass be- 

What use has , , a , 

been made of "^^ "'^^ body of the planet, and also into its 
the eclipses of sbadow, and are eclipsed. These eclipses ai-e of 
^■^, use in ascertaining the longitude of places on tbo 

earth. By these eclipses, also, it has been ascer- 
tained that light is about eight niinutes in coming from the sun 
to the earth ; for an eclipse of one of these satellites appears 
to us to take place sixteen minutes sooner when the earth is in 
that part of its orbit nearest Jupiter than when in the part 
furthest from that planet. Hence, light is sisteen minutes in 
crossing the earth's orbit, and of course half of that time, or 
eight minutes, in coming from the sun to the earth. 
What is the ap- 1305. When viewed through a 
fearance of Ju- ^ ^^.^^^ ^^^^^ are distinetly & 

fiter as seen •' 

through a tele- times extending across hia disk, and sometimes 
scope? interrupted and broken. Tliey differ in dis- 

tance, posiiJon, and number. They are generally dark; but 
white ones hare been seen. 

On account of the immense distance of Jupiter from the sun. 
and also iroia Mercury, Venus, the Earth and Mara, obaervers 
on Jupiter, with eyes like ours, can never see either of the above 
named planets, because they would always be immersed in the 

Des«ribethe 1306. Of Satckn. — Saton is the see- 

planet Saturn, ond in size, and the last but two "in dis- 
tance from the sun. Tho degree of heat and light at 
this planet is eighty times less than that at the earth. 
S<m is Satimi 1307. Saturn is distinguished from the 
partieularly other planets by being encompassed by 
^imthe'other three large luminons rings. They reflect 
planets? the sun's light in the same manner as bis 

moons. They are entirely detached from each otlier, ard 
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from the body of the planet. They turn on nearly the 
Bame axis with the planet, and in nearly the same time. 

1308. These rings move together around the planet, 
but are about three minutes longer in performing their 
reTolutlon about Mm tlian Saturn is in revolving about 
his axis. The edge of these rings is constantly s,t right 
angles with the axis of the planet, Stara are said to 
have been seen between the rings, and also between the 
inner ring and the body of the planet. The breadth of 
the two outer rings is about 37,000 miles, and the dis- 
tance of the second ring from the planet is about 19,000 
miles. As they cast shadows on the planet, Sir Wra 
Herschel thought them solid. 

1309. The surface of Saturn ia sometimes diversified, 
like that of Jupiter, with spots and belts. Saturn has 
eight satellites, or moons, revolving around him at dif- 
ferent distances, and in varioiis times, from less than 
one to eighty days, 

1310. Saturn may be known by his pale and steady light. 
The eight moons of Saturn revolve at different distances around 
the outer edge of his rings. Sir William Herschel saw them 
moving along it, like bright beads on a white string. They do 
not often suffer eclipse by passing into the shadow of the planet, 
because the ring is in an oblique direction. 

Describe the 1311. Of Ukanus. — Uranus, the fom'th 

plamtCTmnus. in size, is "the most remote of all the old 
planets. It ia scarcely visible to the naked eye. The 
light and heat at Uranus are about 360 times less than 
that of the earth. 

1313. Tbis planet was long known by the name of 
Herschel, the discoverer, who, in announcing big dis- 
covery, named it the " Georgium Sidus," in honor ol 
King George in. The name of Uranus was given to it 
by the continental astronomers. 
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It was formerly oonsidered a small s'ar, tut Sir "Wm. 
B.erachel, in 1781, discovered, from ita motion, that it 
te a planet. 

Sy how maivy l^^^" "Crramis is attended by six moone, 
moonsisUranm or satellites, all of -which wore discovered 
attended? i^^ g;^. -^jq_ Rersehel, and all of them re- 

volve in orbits nearly pe]'peiidieular to that of the 
planet. Their motion Ja refci-ograde. 
Whatislhegen- 13H. It appears to be a general law of sat- 
eral law of the elHtes, or moons, that they turn om their axis 
roiaiion, of sat- jjj ;^ same time in which they revolve around 
their primaries. On this account, tlio inhabit- 
ants of secondary planets observe Bome singular appearaaaes, 
which the inhabitants of primary planets do not. Those who 
dwell on the side of a soeondary planet nest to the primary will 
always see that primary; while those who live on the opposite 
side will never see it. Those who always see the primary will 
see it constantly in very nearly the same place. For example, 
those who dwell near .the edge of the moon's disk will always 
see the earth near the horizon, and those in or near the centre 
will always see it directly or nearly overhead. Those who dwell 
in tho moon's south limb will see the earth to the northward ; 
those in the north limb will see it to the southward; those in 
the east limb will see it to the westward ; while those in the 
west limb will see it to the eastward ; and all will see it nearer 
the horizon in proportion to their own distance Irom the centre 
of the moon's disk. Similar appearances are exhibited to tho 
inhabitants of all secondary planets. These observations are 
predicated on the supposition that the moon is inhabited. But 
it is not generally believed that our moon is inhabited, or in its 
present condition fitted for the residence of any class of beings. 

1315. It is a singular circumstance, that before the discovery of 
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Urnmis soma disturbaacKS nnd deviations wwre observed by astron- 
otners in tlis cnotiona of Jupiter and .Saturn, wliioli they oould 
account for oulj on the auppositiua tluit these two pkneta were in- 
fiuenoed br the attmcdon of some more reniote and undiscovered 
pliinet. The diflouvery of Uraflas conn)lete!j verified their opinioDS, 
and allows the esti'ome nicety with winch nstrunomers obaerve the 
motiuns of planete. 

What led to the li^IS, Of NsprnNE, — Tho disooTory of the 
discovery of the planet Neptune (named originally Ls Vcrrier, 
planet N^tune? ^^^^ its discoverer, in 1846) Is ono of the greatest 
triumphs ■which the hisfory of scieniie records, Aa certain. per- 
turbations of the movements of Saturn led astronomers to sus- 
pect the existence of a remotei' planet, which suspioiona were 
fully confirmed in the discovery of Uranus, so also, after the dis- 
covery of Uranus, certain irregularities were perceived in his 
motions, that led the distinguished astronomer of the day to the 
belief that even beyond tho planet Uranus still another undis- 
covered planet existed, to reward the labors of the discoverer. 
Accordingly Le Verrier, a young French astronomer, urged by 
his friend Arigo, determined to devote himself to tho attempt 
at discovery. With indefatigable industi'y ho prepared new 
tables of planetary motions, from which he determined the pertur- 
bations of the planets Jupiter, Saturn, and Ui'anus, and aa early 
as June, 1846, in a paper presented ta tlie Academy of Sciences 
in Paris, he pointed out where the suspected planet would be 
oa the Ist of January, 184'?. He subsequently determined the 
mass and the elements of iJie orbits of the planet, and that, too, be- 
fore it hadbeea seen byahunian eye. On tholSthof September 
of 1846, he ivTOte to his friend, M. Galle, of Uerlin, requesting 
him to direct his telescope to a certain point in the heavens, where 
he suspected the stranger to be. IDs friend complied with his 
request, and on the first evening of examination discovered a 
strange star of the eighth magnitude, wliich had not been laid down 
in any of the maps of that portion of tlie heavens. The follow- 
ing evening it was found to have moved in a direction and with a 
velocity very nearly like that which LeVerrier had pointed out. 
The planet was found within less than one degree of the plaue 
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where Le Verrier had located it. It was subsequently ascer- 
tained that a yoMiig English mathematician, Mr. Adams, oi 
Cambridge, had heen' engaged in the same computations, and 
had arrived at neariy the same I'esults with Le Vei'vier. 

1317. What shall we say of Boience, then, that enables its devoted 
followera to reach out into space, and feel BUOcessfuHy in the dark 
for an object more than twentj-'eight hnndred milliona of miles 
distant! 

1318. In conclusion of this brief notice of the planets, apiate 
is here presented showing the relative appearance of the planets 
as viewed through a telescope. It will be obaerved that the 
planets Mercury and Venus have similar phases to those of our 
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"iVJat i:>a l-"! ' '^'l' *- JMETs — Ihe l^Ofl Comct 11 Je 

Cornel ? rived from a Greek word, which means hair; and 
this name is given to a numeroim class of bodies, which occa- 
sionally visit and appear to belong to the solar sjatem. These 
bodies seem to consist of a nucleus, attended with a lucid 
haze, sometimes resembling flowing hair ; from whence the 
name is derived. Some comets appear to consist wholly 
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of this hazy or haiiy appearance, ivhich is frequently called 
the iail of the comet. 



Upmet of 1811, one of the moEt bTllllant of modBm times, reriui], 2S88 
yaiira. 

1820. In ancient times the appearance of comets was regard- 
ed with superstitious fear, in the belief that they were the fore- 
runners of some direful calamity. These fears have now been 
banished, and the comet is viewed as a constituent inember of 
the system, governed by the same harmonious and uuchan^'ng 
laws which regulate and control all the other heavenly bodies, 

1321. The number of comets that have occasionally appeared 
within tho limits of the solar system is variously stated from 350 
to 600. The paths or orbits of about 98 of these have been 
calculated from observation of the times at which they most 
nearly approached the Bun; their distance from it and from the 
earth at those times ; the direction of their movements, whether 
Iroui fast to west, or fruiu west to east ; and the places in the 
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starry sphere at whicii tteir orbits crossed that of the earth and 
their inolination to it. Theresultis, that, of these98, 24 passed 
between the sun and Mereurj, 83 passed between Mercury and 
Venus, 21 between Venus and the Earth, 16 between the Earth 
and Mars, 3 between Mars and Ceres, and 1 between Ceres and 
Jupiter : that 50 of these comets moved from east to west ; that 
their orbits were inclined at erery possible angle to that of the 
earth. The greater part of them osoended above the orbit of 
the earth when very near the sun; and some were observed to 
dash down from, the upper rt^ions of space, and, after turning 
round the sun, to mount again, 

,,-, , - ,, , 1322. Comets, in their revolution, describe 

nnat is the s/utpa 

of the orbits of long narrow ovals. They approach very near 
comsls? tJig guQ in one of ihe ends of these ovals, and 

when they are in the opposite end of the orbit their distance 
from the sun is immensely great. 

1323. The extreme nearness of approach to the sun gives to 
a comet, when in perihelion, a swiftness of motion prodigiously 
great. Newton calculated the velocity of the comet of 1680 to 
be 880,000 miles an hour. This comet was remarkable for its 
near appj-oach to the sun, being no further than 580,000 miles 
from it, which is but little more than half the sun's diameter. 
Brydone calculated that the velocity of a comet which he ob- 
served at Palermo, in 1770, was at the rate of two millions and 
a half of miles in an hour. 

1324. The luminons stream, or tail, of a comot, follows it as 
it approaches the sun, nndgoes before it when the comet recedes 
from the sun. Newton, and some other astronomers, considered 
the tails of comets to be vapors, produced by the excessive heat 
of the sun. Others have supposed them to be caused by a re- 
pulsive inluenoo of the sun. Of whatever substance they may 
be, it is certain that it is very rare, because the stars may be 
distinctly seen through it. 

132.']. Tlie tails of comets differ very greatly in lengtli, 
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and Eome are attended appirently by only a small cloudy 
\ight, i\liile tlic length ot the tail of othera haa been eati- 
mated at from 5U to 8U nillions of iiii1b3 




The oomet of 1680, observed by Nswton. Rapidity oE its mntion urouucl 
the sun, a niillion of miles in e,a hnur. 

Length of toil, 100 millions of milaj Psriod, 000 yours. It has nerer 
teappenred 

1326. It has been argaod that comets consist of very little 
solid substance, because, although they sometiiues approach very 
near to the other heavenly bodies, they appear to esert no senai 
ble attractiye force upon those bodies. It is said that in 1464 
tho moon was eclipsed by a comet. The comet, must, therefore, 
have been very near the earth (less than 240,000 miles) ; yet it 
[iroduced no sensible effect on the earth or the moon ; for it did 
tiut cause tlieiii to mate any percoptibU* deviation from their 
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accustomeiJ paths round tlie sun. It has been asoortained tha,t 
(somets are disturbed by the gravitating power of the planeta; 
but it does not appear that tlie planeta are in like manner affected 
by cometa. 

Some comets have exhibited the appearance of two or more 
tails, and tbe great comet of 1T44 had sis 
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1(J27. Many comets escape observation because they traverse 
tliat part of the heavens only which is above the horizon in the 
day-time. They are, therefore, lost in the brilliancy of the sun, 
and can be seen only when a total eclipse of the sun takes place. 
Seneca, 60 years before the Christian Era, states that a large 
comet was actually observed very near the sun, during an eclipse. 

1328. Dr. Halley^ Professor Eneke and Gambart, are the first 
astronomers that ever successfully predicted the retuni of a 
comet. The periodical time of Halley's comet is alout 76 years. 
It appeared last in the fall of 1835, and presented different ap- 
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HaUe^'s ODraot, aa s«en b; Sir John HarEohel, Out. 29tfa, 1B36. Ver^ 
ehangaable 1q its appearance First rpougniiod by Hallcy m 1682. Pe- 
riod, 70 ye.ra. ^^^ 
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3 fi-om different poiDta of observation. That of Encke 
is about 1200 days; that of Biela, about 6^ yeara. Thia last 
comet appeared in 1832 an( 
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In 168 i. 

1329. The comet of 1758 the return of whiuh was predicted 
by Dr. Halley, was rc^rded with great mtere'it by astronomers, 
because Us return was predicted But iour ii-yolutions before, 
in 1456, it was looked upon with the utmost horror. Its long 
tail spread consternation ovei all Europi, ilroady terrified by 
the rapid success of the lurkiiih aims Pope Callixtus, on thia 
occasion, ordered a pnjei in wh oh both the comet and the 
Turks were included in one jnalhemt Scarcely a year Or a 



month now elapses without the appearance of a comet in our 
Bjstem. But it is now known tliat they are bodies of such ex- 
treme rarity that our clouds ai'e massive in comparison with 
thein. They have no more density than the air under an ex- 
hausted receiver. Hersehel saw stars of the 6th mugnitude 
through a thickness of 30,000 miles of cometic matter. The 
number of comets in existence within the oompaBS of the solar 
eystem is stated by some astronomers as over seven mUlions. 

1330. Fig. 194 represents Hallej's comet, as seen by Sir John 
Hersehel, while Fig. 195 represents the same comet as seen only 
a few days before by Struve. 

1331. The GoiiET OF 1856. — The following interesting details in 
relation to a comet expected in 1S56 are given by Bubinet, an em- 
inent French astronomer. It is translated from the Cinirier des 
Mais Unii. 

" This comet is one of the grandest of which historians make 
mentiun. Its pei'iod of revolution is about three hundred years. It 
was seen in the years 1U4, 392, 683, 975, 12G4, and the last time in 
1556. Astronomers agreed in predicting its return in 1848 ; but it 
failed to appear, and continues to shine still unseen by us. Already 
the observatories began to bs ularmed for the fate of their beautiful 
wandering star, woen a leai'Dsd calculator of Middlebourg, M. 
Bumiae, reassured the astronomical world of the oondnued existence 
of the venerable and tnagniQcent comet. 

" Disquieted, as ail other astronomers were, by tlie non-arrival 
of the comet at the OKneeted time, M. Bomms, aided by the prepar- 
atory labors of Mr. Ilind, has revised all the calculations and esti- 
mated all tlie acliuns of all the planets upon the comet for three 
hundred years of revolution. The result of this patient labor gives 
the arrival qf the comet in August, 1858, with an uncertainty of 
two years, more or less ; so that from 1856 to 1860 vre may espeot 
the great comet which was the cause of the abdication of the Em- 
peror Charles V., in 1556. 

" It is known that, partaking of the general superstition, which 
interpreted the appearance of a comet as the forerunner of some 
fatd event, Charles V. believed that this comet addressed its menaces 
partioutarly to him, as holding the SiBb rank among sovereigns. The 
great Emd once wise but now wearied and shattered monarch, had 
bean for some time the victim of cruel reverses. There were threat- 
ening indications in the polidcal, if not in the physical horizon, of a 
still greater temnost to come. lie was left to cry in despair, ' For- 
tune abandons om men.' Theappearanoeof the blazing stjirseemed 
to him an admonition from Heaven that he must cease to bi a sov- 
ereign if he would avoid a fiitalify from which one with.>ut author- 
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Hy might be spiired. It is known that the emperor survived his 
abdioaUoo. but a little mote than two years. 

" Another comet, which passed near us in 1835, and which has 
appeared 25 tiaies siuce tlio yeM 13 before the Christian Era, has 
been ssaociat«d by the superstitious with man; important events 
which have occurred near the periods of its visitation. 

" Id 1066, William the Conqueror landed ia England at the head 
of a numerous arm; about the time tliat the eoinet appeared which 
now bears the name of Halley's comet. The oiroumetance was 
regarded by the English as a progjaoatic of the victory of the Nor- 
mans. It infused universal teiTor into the minds of the people, and 
contributed not a little towards the submission of the country &ltw 
the battle of Uastii^s, as it had served to discourage the soldiers 
of Harold before the combat. The comet is represented upon the 
famous tapestry of Bayeuz, esecuted by Queen Matilda, the wife of 
the conqueror. 

" This celebrated tapestry is preserved in the ancient episcopal 
palace at Bayeus. It represents the principal incidents, including 
the appearance of the comet, in the historjj of the conquest of Eng- 
land Dj William, Duke of Normandv. It is supposed to have been 
executed by Matilda, the conqueror s wife, or by the Empress Ma- 
tilda, danehter of Henry I. It consists of a linen web, 214 faet in 
length and 20 inches broad ; and is divided into 72 compartments, 
each having an inscription indicadng its subject. ^The figures ore 
" ' d by the needle. 

ime comet, in 1451, threw terror among the Turis under 
d of Mahomet II., and into the ranks of the Christians 
duting the terrible battle of Belgrade, in which forty thousand Mus- 
sulmans perished. The comet is described by historians of the time 
as ' immense, terrible, of enormous length, carrying in its train ii 
tail which covered two celestial signs (w) degrees), and producing 
universal terror.' Judging from this portrait, comets have singu- 
larly-degenerated in our day. It will be remembered, however, that 
in 1811 there appeared a- comet of great brilliancy, which inspired 
some superstitious fears. Since that epoch science has noted nearly 
80 comela, which, with few eioeptions, were visible only by the aid 
of the telescope. Kepler, wl tn asked how d any c nets he thought 
there wore in tho heavens, ans veied Aa many ts tl ere are fish in 
the sea.' 

" Thanks to the progress of astrDn 
stars are no longer objects of teir 
Halley, and their successors, have completely destroyed the imag- 
inary empire of comets. As respects tneir phvsical nature, it was 
for a long time believed that they were composed of a compact 
centre, surrounded by a luminous atmosphere. On this subject the 
opinion of M. Babinet, who must be regarded as good authority on 
Buoh questions, is as follows : ' Comets cannot exercise any material 
influence upon our globe ; and the earth, should it traverse a comet 
in its entire breadth, wculd perceive it no more tlian if it should cross 
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(i cloud a tundred thousand millions of times lighter thnn our nt- 
mosphere, and which could no uioro make its wiiy through our air 
than the slightust pufl' of an ordin;irj bellows could make its way 
tlirough an anvil.' It would be difEoiilt to find a comparison more 
teassuring." * 

What are the ^^^^" 0^ ™E FiXBD Stars. — The Fixed 
Fixed Stars Stars are all supposed to be immensely large 
supposed lode. jjQjjgg^ ]jJjq q^i^ Q^y^ g^^, shilling by their 
own light, which they dispense to systems of their own. 

„ , 1333. They are classed by their apparent 

fixed stars magnitudes, those of the sixth magnitude being 
classified? ^j^g smallest that can be seen by the naked 
eye. Stars which can be seen only by means of the telescope 

* TheCometofISBS. — Mr. Hind, inalotter to thelonrfon ISnies, gires 
ttfl following pattioulara with regard to the comet which appeared during 
the year now cloaing (1653): 

"The oomet which has boon so oonspiououadurlng the last weoli was very 
farorably seen here on Saturdny, and again on Sunday arening. On the 
latter ooeasion, allowing for the proiimity of the oomet to the horizon, and 
the strong glow of twilight, its nucleus was fuUj as bright as an average 
atar of the fii-st magnituda ; the tail extended about three dogroea from the 
head. When viewed in the oomet-seaker, the nuelens appeared of a bright 
gold oolor, and about half the diameter of the planet Jupiter, whioh wat 
ihining at the same time in the Bouthom heavens, and eonld be readily eom- 
pared with the oomet. The tail proceeds dirsotly from the head in a single 
stream, and not, as sometimes remarked, in two branohes. The distance of 
this body from the earth at S o'clock last evening, was 80,000.000 miles ; 
and hence it results, that the aetaal diameter of the bright nueleos was 
800O miles, or about equal to that of the earth, while the tail had a real 
length of 4,600,000 miles, and a breadth of 250,000, which is rather over the 
distance separating the moon from the earth. It is usual to assume that 
the intensity of a comet's light varies as the reciproea! of the products of 
the squares of the distance from the earth and sun; but the present one has 
undergone a far more rapid increase of brilliancy than would result from 
this hypothesis. The augmentation of light will go on till tbc 3[d of Sep- 
' ' 'it will be worth while to look for the oomet in the daj-timf 



about that date ; for this purpose an equatoriaUy mounted tolcscopa will 
be requirtd, and I would suggest the addition of a light green or red glass, 
' ' ■ 1 o5 the greot glare of sonlightj the inatrmnent being adjusted to a 



focus on the plan . 

by lilr. Elinkenfues, of the Observatory at Oottingen, but vras not bright 
enough to be seen without a telescope until about August 13. In a letter, 
copied into the 7!mes a few days slnoe. Sir William Hamilton hints at the 
possibility of this being the oomet I had been expecting; but I avail myself 
of the present opportunity of stating that sueh is not the case, the elements 
of the orbits having no resemblaooe. The comet referred to will probably 
reappear between the years 1868 and 1861 ; and, if the perihelion passage 
talies place dniing the summer months, we may capect to see. a body of far 
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ave called telescopic stars. Tiiey, also, are classified ; 
the classes reaching even to the seventeenth or twentieth 
magnitude. 

Sew foany 1334. The number of the stai'S of the 

stwg are there -gj.gt niagnitude is about twenty-four ; of 
iecondm^ni- ^® second magnitude, fifty ; of the third, 
tade 1 two hundred. The numbei' of tlie smallest, 

visible without a telescope, is from twelve to iitteen 
thousand. 

Sow many of 1335. Within a few years the distances 
(he fmei stm-i of nine of the fixed stars have been ealcu- 
TtaveMd their \g^^ Thjg distance is bo immense, that 
ne<wly mem-- light, travelling with the inconceivable 
tainedf velocity of nearly two hundred thousand 

miles in a second of time, from Sirius, is more than 
fourteen yeare in reaching the eai'th ; from Arctums, 
more than twenty-five years ; and from the Pole Star, 
more than forty-eight yeara. 

1336. Tens of thousands of years must roll away before 
the m<fflt swiftly-flying of ail the fixed stars can complete 
even a small fragment of its mighty orbit; but such has 
been the advance of science, that if a star move so slowly 
as to rec^uire five millions of years to complete its revo- 
lution, its motion couH be perceived in one year ; and in 
ten years its velocity can be computed, and its period will 
become known in the lifetime of a single observer. 

1337. The stars are the fixed points to 
i of the 
Hence 
the stars were grouped in the earliest ages, 
(but by whom we. know not), numbered and divided into 
constellations, the namra of which have survived the fidl of 
empires. 
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WMtprdbally 13S8. It is geiiemtly supposed that part, 
eainea the d^ jf j^qj ^]]^ uf ^]^q difference in the apparent 
ajipwent size magnitudes of the stars is owing to the dif- 
v/the stars? ference in their distance. 

1339. The distance of the stars, according to Sir S. 
Hei-schel, cannot be less than 19,300,000,000,000 miles. 
How much greater it really is, we know not, except in 
a few cases. 

1840. Althotigh tie stars generally appear flaed, they all have 
motion ; but thdr distance bebg so immensely great, a rapid mo- 
tion would not perceptibly change their relative eitnation in two or 
three thousand years. . Some have been noticed alternately to ap- 
pear and "disappear. Several that were mentioned by ancient as- 
tronomers are not now to be seen ; and some are now observed 
■which were unknown to the andenta. 

1341. Many stars which appear single to the naked eye, when 
viewed ihrongh powerful telescopes, appear donble, treble, and even 
quadruple. Some are subject to variation in their apparent magni- 
tude, at oae time being of the second or third, and at anothei' of 
the fifth or sixth n " ' 



What is the 1342. The Galaxy, or Milky Way, ia a 

Galas,yi remarkably light, broad zone, visible in 

the heavens, passing from north-east to south-west. It 
is known to consist of an immense number of stare, 
which, from their apparent "nearness, cannot be distin- 
guished from each other by the naked eye. 

1343. Sir Wm. Herachel saw, in the course of a quarter of an 
hour, the astonishing number of 116,000 stars pass through the 
field of his telescope, while it was directed to the milky way, 

1344. The ancients, in reducing astronomy to a sci- 
ence, formed the stais into clusters, or considlations, to 
which they gave particular names. 

1345. The number of constellations among the ancients 
was about 50. The moderns have added about 50 more. 

1846. Oar observations of the stars and nebnla) are confined 
principally to those of the northern hemisphere. Of the ooostella- 
tions near the south pole we know but Kttle. 
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W)iac effect 1347. In determining tlie true place of any 

hm the otmo- ^f ^^^ celestial bodies, the refractive power of 
iengih of the the atmosphere must always be taken into 
^- consideration. This property of the atmo- 

sphere adds to the length of the days, by causing the Bun 
to appear before it has actually risen, and by detaining its 
appearance after it has actually set. 

1348. On a celestial globe, the largest star in each constellation 
ia usaally desiguated bj the flwt letter of the Greek nlplinbet, and 
the nost largest by the seconij, &c. When the Greek alphabet is 
exhausted, the Englieh alphabet, and then numbers, are used, 
Whv are the 1349. The stajs, and other heavenly bodies, 

liars never are never seen in their true situation, because 
leen m their ^j^ motion of light {^progressive ; and, during 
true position ? , . , . , i 

tbe time that light is coming to the earth, 
the earth is constantly in motion. In order, therefore, to 
see a star, the telescope must be turned somewhat before 
the star, and in the direction in which the earth moves. 
Wiai Umeant ^^^'^- ^'^"*'^> ^ '^^ '^^ ^'S"^' passing through 
by the aberra- the centre of the telescope to the observer's 
tion of light? g^g j^^g ^^^ coincide with a direct line from 
hia eye to the star, but makes an angle with it ; and this is 
termed the aberration of light. 

What is the 1851. The daily rotation of tlie earth on its 

Polar Star ? j^^g causes the whole sphere of the fixed 
stars, &c., to appear to move round the earth every twenty- 
four hours from east to west. To the inhabitants of the 
northern hemisphere, the immovable point on which the 
whole seems to turn ia the Pole Star. To the inhabitants 
of the southern hemisphero there is another and a cor- 
responding point ia the heavens. 

What is the 1352. Certain of the stars surrounding the 

dreleofper- north pole never set to us. These are in- 
^i^l^' '■lii'^'^'l >^ " <^'rcle parallel with the equator, 
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jierpeiaal oc- and in every part equally distant from the 
mltaiian? ^^j^ p^ig g^^r. This circle is called the 
circle of perpetual apparition. Others never rise to ua. 
These ai-e included in a circle ei^ually distant frnm the 
south pole , and this is called the circle of perpetual oc~ 
cultat'KJH. Some of the constellations of the southern 
hemisphere are represented aa inimitably beautiful, par- 
ticularly the cross. 

What is par- 1353. The parallax of a heavenly body 
allm? ig the angular distance between the i/me 

and the apparent situation of the body. 
Describe 1354. In I'ig. 196, A G B represents the earth. 
Fig. 196. jjid Q the moon. To a spectator at A, the moon 

Fig.lBO. n 




would appear at P; while to another, at B, the moon would 
appear at D ; hut, to a third spectator, at G, the centre of the 
earth, the moon would appear at E, which is the true situation. 
Tlie distance from F to E is the parallax of the moon when 
viewed from A, aad the distanca from E to D is the parallax 
when viewed from B. 

1355. From this it appears that the situation of the heavenly 
bodies must always be calculated from the centre of the earth ; 
and the observer must always know the diatanoe between the 
placo of his observation and the centre of the earth, in order to 
make the necOEsary calculations to determine the true situation 
of the body. Allowance, also, must be made for the refraction 
of the atmosphere. 

33 
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Defcribe the 1356. Of THE MooN. — The Moon is a 
Moan. secondary planet, revolving about the earth 

in about twenty-seven days, seven hours. Its distance 
from the earth is ahout 240,000 miles. It turns on its 
axis in precisely the same time that it performs its rev- 
olution about the earth. Consequently it always pre- 
sents the same side to the earth; and as its apparent 
diameter in different parts of its orbit is different, it fol- 
lows that it must be sometimes nearer to the earth than 
at others. 

1357. The surface of tho moon appears to be volcanic and 
very mountainous. Occasional volcanoes have been seen in 
action on the dart side. No hoat has been detected m the 
moon's rays, even when most powerfully concenti-ated, tbat will 
affect the most delicate thermometer ; and hence it has been in- 
ferred that the teat is absorbed in traversing the upper regions 
of our atmospiiere. 

What U one of th 1358 f th m t mm a 

most common error „ tl g d to th moo th t wh h »■ 

with regard to tne 
i, and how h 



th w th 



it been, proved an T bl f th w tt h b mp d 

^'^■' with til 1 ph esf p 1 { h 

dred years, and thu&dl t d hhtm 

about 491 new f U m h } tt 1 1 by 1 j, 

of the weather, d 09 h t 

1359. Them q Uy nt f p to f t tw th 
standiug the pop Iblfthttht thtj es. p lly 
;n fish. The sam wh h i rod d w es m tura 
on substances epdtt dthmt th 1 se 
of putrefaction. 

1360. Dr. 01b f B m 5y j t gi t 
number of cases 1 t th 1 th t tl ! 
effect on insanity 1th gh th j j 1 b 1 f th t tl fit 
areaggravatod aff t d by th 1 pb 
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What M tJte 1361. Ite force of graTity at the siir- 

dendu/ of the f^ee of tlie moon is about one-fifth that of 
moon compared ^i ^i , . i i 

with that tif the ™s ^arth ; hence ten pounds on the earth 
earth? will be equal to two on the moon. The 

days and nights on the moon ai-e each equal to fourteen 
of our days. The asi8 of the moon is perpendicular to 
its orbit, and therefore the moon can have no variety of 
seasons. The moon likewise has no atmosphere, and 
therefore it cannot be inhabited ; for there can be no 
Tegetation, no clouds, ho ocean, no liquids, no light in 
dwellings, no twilight ; in short, nothing that could fit 
it for the habitation of any order of beings with which 
we are acquainted. 

1362. In connesion with what haa now been stated with regard 
to the moon and its Tolcanio appearances, it will be proper tn notice 
the subjaet of airofiles, or jneleoric stone! ; because, according to the 
opinion of soma, they are of lunar origin. Three theories hare 
been broached with regard to thorn : Ist, that they are formed in 
the air, from materials esiatioe there in a sahlimated state; 2d, 
that they are parta of an exploifed planet ; 3d, that they are thrown 

To the first of these theories there ia s material objection in the 
fact that gaaes, when in contact, must jnix, and gases necessary to 
form these substances cannot, therefore, remain in the air unmixed. 

To the second hypothesis it may be obiectod, that if they were 
parts of a broken planet they would probably be composed of more 
heterogeneous materials. But it is well known that all of them 
are composed of the same conslatnent parts, namely, sulphur, mag- 
nesia, manganese, iron, nickel, chromium, and, in one recorded 
inatiince only, charcoal. 

In favor of the third supposition, which refers them to a lunar 
origin, it may be remarked that a body thrown seventy miles from the 
moon would escape from the moon's attraction ; and that a velocity 
sis times greater than that of a cannon-ball would be sufficient to 
throw a body beyond the moon's attraofjon. As terrestrial volcanoes 
have thrown bodies with this velocity, it is not improbable that 
lunar volcanoes may do the same. 

What is the 1363. The moat obvious fact in relation to 

most obvitms ^^ ^^ j ^^ jj^ jjg^ jg eonstantlv chan;Tiiig 
fact IB re!a- "^ . . ° i 

lion to tlie its appearance : sometimes only a senn-circular 

™""'^ edge being illuminated, while the rest is darkj 
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at another time, the whole surface appearing resplendent. 
Thi8 is caused by the relative position of the moon with 
regard to the sun and the earth. The moon is an opaque 
body, and shines only by the light of the sun. When, 
therefore, the moon is between the earth and the sun, it 
presents its dark aide to the earth ; while the side presented 
to the sun, and on which the sun shines, is invisible to the 
earth. But when the earth is between the sun and the 
mooDj the illuminated side of the moon is visible at the 
earth. 

Desaibe 1364. la Fig. 197, let S be the sun, E the earth, 
Fig. 197. and A B D the moon in different parts of her 




orbit TThpn tie moon h it A its dark side will be towards 
tte eartb, its illuminated part being always towards the sun. 
Hence the moon wiU ippear to us as represented at a. But 
wbea it has advanced m its orbit to B a small part of its 
illuminated side coming in sight, it appears as represented at b, 
and is said to be homed. When it arrives at 0, one-baif its 
illuminated side is visible, and it appears as at c. At 0, and 
in the opposite point of its orbit, the moon is said to be in quad- 
rature. At D its appearance is as represented at d, and it is 
said to be gihlous. At E all Uie illuminated side is towards 
UB, and we have a full moon. During the other half of its 
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revolution, less and less of its ilium inated side is seen, till it 
again becomes inrisible at A. 

What is the 1365. Tlie mean difference in the rising of the 

mean differ- moon, caused by its daily motion, is a little less 
risirte iiflhe ^^° ^^ ho\iT. But, on account of the different 
moanframday angles formed with the horizon by different parts 
to day? ^f (]jg ecliptic, it happens that for sis or eight 

nigiits near the fall moons of September and October the moon 
rises nearly as soon as the sun is set. As this is a great con- 
venience to the husbandman and tie hunter, in- 
^'(Xefl'T^ asmuch as it affords them light to continue their 
and lite Hunt- oooupation, and, as it were, lengthens out their 
ir'sMoon aTtd ^ay, the first is called the harvest moon, and the 
(Hxur! second the hunter's moon. These moona are 

always most beneSoial when the moon's ascending 
node is in or near Aries. 

1366. The following signs are used in our common alnianaoa 
to denote the different positions and phases of the moon. ^ or 
J> denote the moon in the ^rst quadrature, that is, the quad- 
rature between change and full ; C or C denotes the moon in 
tie last quadrature, that is, the quadrature between full and 
change. 9 denotes new moon ; O denotes fall moon. 

1367. When viewed through a telescope, the surface of the 
moon appears wonderfully diversified. Large dark spots, sup- 
posed to be excavations, or valleys, are visible to the eye; 
some parts also appear more lucid than the general surface 
These are ascertained to be mountains, by the shadows which 
they east. Maps of the moon's surface have been drawn, on 
which most of these valleys and mountains are delineated, and 
names are given to thera. Some of these excavations are 
thought to be four miles deep, and forty wide. A high ridge 
generally surrounds thera, and often a mountain rises in the 
centre. These immense depressions probably very much re- 
ifemble what would be the appearance of the earth at the moon 

SS* 
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wera all the seas and Inkea dried up. Some of the 
d to be volcanic. 



What are the 1368, Of thk Tides. — ^The tides are the 
Tides'f regular rising and falling of the water of 

the ocean twice in about twenty-five hours. They are 
occasioned' by the attraction of the moon npon the 
matter of the earth ; and they are also affected by that 
of the sun, 

M^Uin 1369. Let M, Fig, 198, he the -moon revolving in 

.K?. 198. her orbit ; E, the eartit covered with water ; and S, 




the sun Now, the pojnt of the earth's sarfiee, which is neiie^t 
to the moon, will gravitate tjwaids it more ani the remoter 
point less, than tie centre imeiielj is the squares of then le 
spective distances The pcintA, theiefore, tends iwiy from 
the centre, and the centre tends -iwiy from the point B , and in 
each ciao the fluid &urfice must uw and in nearly the sime 
degree m both eiaes The effect must be diminished in propor 
tion tn the distani>3 from these poinia in •iny direction, and at 
the points C and D, ninety degrees distant, it ceases But 
there the level of thewateiB muat be lowered because of the 
exhaustion at those phces (.aused bj the overflow eiaewhere 
Thus the iction of the moon cduaes the ooein to assume 
the iorm of t ipheioid elongitinig it in the dirtctioa of tlie 
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Tliuh any jaiticilai pUci, as A whilt la&aing fiom under 
the moon till it comes uuiei the moon again his two tides. 
But the moon is coastantlj advancing in its oibit, so that the 
ea,i-th must a little more than complete its rotation before the 
place A comes under the moon This cau'ses h ^h water at any 
pUco alout bftj m nutes latei each 'iiccessive day 

Ab the moon a oibit vines but little fiom the ecliptic, 
the moon is never mote tlaii 29° fiom tl e erjuator and is 
geneitliy much less Ht,nee the wxters about the equator, 
being nedier the moon aie moie stioaglj attiacted and the 
tides are hjghei than towards the poles 

13T0 Thosunattra ts thewatei-iiswelUsthemooi When 
the n Don is at full ot change being m the ean e line of direction, 
(see Fig. 198), the sun acts with it; that is, the sun and moon 
tend to raise the tides at the same place, as seen in the figure. 
The tides are then very higli, and are ealled spring tides, 
Emlain Fis '^''' when tie moon is in its quarters, as in 

I'jg. Fig. 199, tlio 6im and moon being in lines at 



3 q%^— 




right angles tend to raise tides at different places ; namely 
the moon at C and D, and the sun at A and B. Tides that are 
produced when the moon is in ita quarters, are low, and are 
called neap tides. 

1371. There are so many natural difficulties to the free pro- 
gress of the tides, that the theory by which they arc accounted 
for is, in tact, and necessarily, the most imperfect of all the 
theories connected with astronomy. It is, however, indisputable 
that the moon haa an effect upon the tides, although it be not 
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equally felt in all places, owing to the indentations of the coast, 
the obtructions of islands, eoutinenta, &o., which, prevent the 
free motion of the waters. In narrow rivers the tides are fre- 
quently very high and sudden, from the resistance aflbrded by 
their banks to the free ingress of the water, whence what would 
otherwise be a fide, becooios an accumulation. It has been con- 
stantly observed, that the spring tides happen at the new and 
full moon, and the neap tides at the quarters. This cireum 
stance is sufficient in itself to prove the connexion between the 
iufluenco of the moon aud the tides. 

1372. An Eclipse ia a total or partial ob- 
Eclipse? aciiration of one heavenly body by tlie interven- 
tion of another. 

The situation of the earth with regard to the 
«/(pse oF t^ moon, or nther of the moon with regard to the 
sun or of the earth, occasions echpses both of the sun and 
miantak'-^liuxi ^^^^^ rp]^o^g of y,g ^^^ ^.^j^e place when the 
moon pas'iing between the sun in 1 earth, intercepts his raya 
Those of the moon tike plaoe wlien the earth, coming bi 
the '!un ind moon depiiies the moon of his light. 
Lf llp^e ot the &un can taLe place only when the moi 
ind an ei,lipse of the moon only when the moon fulls; for, at 
the time of an eclipse, tithei of the «un or the moon, the sun 
eaith and moon must he tii the tame ttraight line. 

If the moon i evolved around the earth in the 
iiiif an eclipse at ^^™'' plane in which the earth revolves around 
eviTy n«\e and the Sun, that is, in the ecliptic, it is plain that 
juUmtion. jjjg g^jj^ would be eclipsed at every new moon, 

and the moon would bo eclipsed at every full. For, at each of 
these times, these three bodies would be in the same straight 
line. But the moon's orbit does not coincide with the ecliptic, 
but is inclined to it at an angle of about 5* 20'. Hence, since 
the apparent diameter of the sun is but about J a degree, and 
that of the moon about the same, no eclipse will take place at 
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newor full moon, unless the moon be witHic ^ a degree of tlie 
ecliptic, that is, in or near one of its nodes. It is found that 
if the moon be within 16^° of a node at time of change, it will 
be so near the ecliptic, that the sua will ha more or leaa 
eclipsed ; if within 12° at time of full, the moon will be more 
or less eclipsed. 

Why are there ISlS. It is obvious that the moon will be 
more ecUpaea of oftener within 16^° at the time of new moon, 
(A^)^(wi^''a ^^^ ""!"" 12° at the time of full; conse- 
gixien course of quently, there will be mora eclipes of the sun 
yean? than of the moon in a course of years. As tha 



^ between the sun and earth but twice ii 
I orbit contains 360°, of which 16^^°, the 
and 12°, the limit of knar eclipses, are 
s plain there must he many aew and full 



nodes commonly con 
a year, and the moon 
limit of solar eclipsei 
but small portions, it 
moons, without any ei 

_ ^ Although there are more eclipses of the sun 

' ^' than of the moon, yet more eoHpses of the 
moon will be visible at a particular place, as 
Boston, in a course of years, than of the Hun. Since the sun is 
Ycry much larger than either the eaith or moon, the shadow of 



200. 




these bodies must always terminate in a point; that is, it must 
always be a cone. In Eig. 200, let S bo the sun, m the moon, 
and B the earth. The sun constantly illuminates half the earth's 
surface, that is, a hemisphere ; and consequently it is visible to 
all in this hemisphere. But the moon's shadow falls upon a 
part only of this hemisphere; and hence the sun appears 
eclipsed to a part only of ihose to whom it is visible. Some- 
times, wlien the moon is at its greatest distance, its shadow, 
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m, terminates before it reaches the earth. In eclipses of thia 
kind, to an inhabitant directly undeT the point 0, the outermost 
edge of the aun'a disc is seen, forming a. bright ring around the 
moon ; from, which circumstance these eclipses are called annu- 
lar, from anmdus, a Latin word for ring. 

Besides the dark shadow of the moon, m 0, in which all the 
light of the sun is intercepted (in which oaae the eclipse is 
called total), there is another shadow, r C D S, distinct from 
the formei, which ia called the penumhTa. Within this, only a 
part of the sun's rays are intercepted, and the eclipse is called 
partial. If a person could pass, during an eclipse of the aun, 
from to D, immediately on emerging from the dark shadow, 
m, he would see a small part of the sun; and would con- 
tinually see more and more till he arrived at D, where all 
shadow would cease, and the whole sun's disc be visible. Ap 
pearances would he similar if he went from to C. Hence 
the penumbra is less and less dark (becauso a less portion of 
the sun ia eclipsed), in proportion as the spectator is more re- 
mote from 0, and nearer C or D. Though the penumbra bo 
continually increasing in diameter, according to its length, or 
the distance of the moon from the earth, still, under the most 
favorable circumstances, it fells on but about half of the illu- 
minated hemisphere of the earth. Hence, by half the inhab 
itants on thia hemisphere, no eclipse will be seen. 



1874. Fig. 201 represents an eclipse of the 

' ^S- moon. The instant the moon enters the earth's 

shadow at x, it is deprived of the sun's light, 

Vig. 201. 
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and is eclipsed to all in tlio uti illuminated hemispliere of the 
earth. Hence, eclipses of tho moon are visible to at least twice 
as many inhabitants as those of the sun can be ; generally the 
proportion is muoh greater. Thus, the inhabitants at a par- 
ticular place, aa Boston, see more eclipses of the moon than of 
the sun. 

The reason ■v/hj a lunar eclipse is visible to all to whom 
the moon at the time is visible, and a solar one is not so to all to 
whom the sun at the time is visible, may be seen from the 
nature of these eclipses. We speak of the sun's being eclipsed; 
but, properly, it is the earth which is eclipsed. No change 
takes place in the sun; if the we e 't w ild be seen by all 
to whom the sun is visible Th in les to diftuse its 

beams as freely and uniformly at htm a-i at other'* But 
these beams are intercepted nd tl a th is eclipsed only 
where the moon's shadow f 11 that d only a part of a, 

hemisphere. In eclipses of tl m n th t body ceases to 
receive light from the sun, and, oonseq lently ccasea to reflect 
it to the earth. The moon undergoes a chinge in iti appear 
anoe ; and, consequently, thia change is visible at the same time 
to all to whom the moon is visible; that is to a whole herais 
phere of the eai'th. 

1375. The earth's shadow (like that of the mocn) is eneom 
passed by a penumbra, It S D, which is fdi it at the edges 
towards Jl and 8, but becomes darker towards T a,i d Cr The 
shadow of the earth is but Httlo daikei than the region ol the 
penumbra next to it. Hence it is very difficult to di-tumme 
the exact time when the moon passes fiom the penumbia into 
the shadow, and from the shadow into the jenumbra that is, 
when the eclipse begins and ends. But the beginning and end- 
ing of a solar eclipse may be determined almost instantaneously. 
1376, The diameters of the sun and moon 
Sst^!,Z''^ ^^ supposed to be divided into twelve equal 
plied to edipses parts, called digits. These bodies are said to 
af the sun and jj^yg ^g many digits eclipsed as there are of 
those parls iiivolv«;d m darkness 
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ISTT. There must be an eclipse of tlie sun as often, at least, 
as the moon, being near one of its nodes, comes between the 
si3n and the earth. 

The greatest number of both solar and lunar eclipses that can 
take place during the year is seyen. The usual number is four, 
two solar and two lunar. 

1378. A total eolipse of the sun is a very remarkable phe- 
nomenon. 

June 16, 1806, a very remarkable total eolipse took plaeo at 
Boston. The day wn? clear, and nothing occurred to prevent accu- 
rate observation of this interesting phenomenon. Several stars were 
yisthie ; the birds were greatly agitated ; a ploora spread over the 
j'andscape, and an iodescnbable sensation of fear or dread pervaded 
the breasts of those whogavetheraselveaapTOthesiinpla effects of the 
phenomenon, without having their attention diverted hy efforts of 
observBtion. The first gleam of light, contrasted with the previous 
darkness, seemed like the usual meridian day, and gave indeacribiible 
life .ind ioy to the whole creation. A total eclipse of tlie sun can 
last but little more than three minutes. An annular eclipse of tbe 
Ban is still more rare thim a total one. 

1379. Ok Time — Wlien time is calcu- 
ference bJween ^^'^ V ^^ ^""^ ^^ '^ Called sohr time and 
Me solar and the the year a Bohr year but Tihen it is calcu 

" ■ lated by the stars it is called sidereal time 
and the year a sidereal year. The sideieal yeai is 20 mm 
ittes and 24 seconds longer than the sol ii ye ir 

1380. The solar ye-ir consists of 3C5 
hnger"a solar ^^J^i ^ hours 48 mil utes ind 48 secondf 
or a sidereal but our common reckoning gve8 865di)S 
tmi'm^ ' ^ ^i^'y t** ^^^ y^^'^ -^^ *^^ difft,ienoe \im) mta 

to nearly a quaitur of a day eveiy ycat it 
is tisual every fourth year to ■idd a day Eveiyfouith 
year the Romans reckoned tha Qlft of the calends of 
March, and the follmclng day as one day ; which, on 
that account, they called bissextile, or twice the 6th dsy ; 
whence we derive the name of bissextile for the leap ypar, 
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m which we give to February, for the same reason, 29 
days every fourth year. 

,1381. A solar year is measiired from the time the earth 
sets out from a particular point in the ecliptic, as an equi- 
nox, or solstice, until it returns to the saniG point again. 
A sidereal year is measured by the time that the earth 
takes in making an entire revolution in its orbit; or, in 
other words, from the time that the eun takes to return into 
conduction with any fixed afar. 

WUiistheprc- 1382. Every equinox occurs at a point, 
of the 50" of a deg, of the great circle, preceding 
the place of the equinox, 12 months before; 
and this is called the precession of the equinoxes. It is 
'this circumstance which has caused the change in the situ- 
ation of the signs of the zodiac, of which mention has 
already been made. 

1383, Tlie earth's dinraal motion on an inclined axis, 
together with its annual revoliition in an elliptic orbit, 
occasions so much complication in its motion as to pro- 
duce many irregularities; therefore, true equal time 
cannot be measured by the sun. A clock which is 
always perfectly coiTect will, in some parts of the year, 
be before the sun, and in other parts after it. Tliere are 
Whm do the ^^^ ^'-'"^ periods in which the sun and a 
mn and eloch perfect clock will agi'ee. These are the 
^ff^e^f 15th- of April, the 15th of June, the 1st of 

September, and the 24th of December. 
What i^ the 1384. The greatest difference between 
greatest dif- tme and apparent time amounts to between 
^ee^trne sixteen and seventeen minutes. Tables of 
and appm-ent equation are constructed for the purpose o? 
time f pointing out andcorrecting these differences 

34 
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between solar time aHi3 equal or mean time, the denomina- 
tion given by astronomers to true time. 

1385. As it may be interesting to tbose who have access to a 
celeatia) globe to know how to find any particular star or oon- 
Btellation, the following directions are subjoined. 

There is always to be seen, on a clear night, a beautiful clus- 
ter of seven brilliant stars, which belong to the constellation 
" Ursa Major," or the Great Bear. Some have supposed that 
they will aptly represent a plough ; others say that they are 
more like a wagon and horse=(, the four stars representing the 
body of the wagon, and the other three the horses. Hence 
they are called by some the piough, and by others they are 
called Charles' wain, or wagon. 

Fig, 202 represents these seven stars; *^- ^'^■ 



t 



>» 



ah d g represent the four, ; 

the other three itars. Perhaps they 

may more properly be called a large I h. 

dipper, of which e s B represent the j 

handle. If a line be drawn through the 1 

stars b and a, and carried upwards, it ,^i.x *6 

will pass a little to the left, and nearly '^/ z e il 4. 

touch a star represented in the figure by _.■'' a 

V. This is the 'polar star, or the north 

pole star ; and the stars b and a, wUch -f 

appear to point to it, are called the pointers, because they 

appear to point to the polar star. 

The polar star shines with a steady aud. rather dead kind of 
light. It always appears in the same position, and the north 
polo of the earth always points to it at all seasons of the year. 
The other stars seem to move round it aa a centre. As this 
Bbir is always in the north, the cardinal points may at any time 
be found by starlight. 

By these stars we can also find any other star or constella- 

Thus, if we conceive a line drawn from the star z, leaving B 
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B little to the loft, it will pass through tie very brilliant star A, 
By loolting on a celestial globe for the star z, and supposing 
tbe line drawn on the globe, as we conceive it done on the 
heavens, we shall find the star and its name, which is Aicturus. 

Conceiving another line drawn through g and b, and ex- 
tended some distance to the right, it will pa^ just above another 
Tery brilliant star. On referring to the globe wo find it to be 
Capella, or tho goat. 

In this manner the student may beccme aci^iaainted with the 
appearance of the whole heavens. 
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